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IXTKODUCTinX. 

.■\ftei' stiuhiu" the flistrilmtion of tea inosi|uito (Helopellk 
thcirorn) in flic f(‘a districts of Nortli-east India in relation 
to tlie soil, Andretvs (1) eaine to the conclusion that the sits- 
ceptiliilitv of the tea hnsh to attack ini^lit be influenced Ity the 
application of potash manures to the soil. iManv exiaeriments tvere 
carricsl cait in this connection iind it tvas found that ])obtsli ncuiur- 
iu<;' on liylit soils lifted the blight whilst on heavier soils such 
manures liad no or onlv a teni]>or:iry effect unless applied constantly 
and ill large doses. In a later paper (2) the same worker des- 
cribes how by cutting certain of the tea bush roots and ])lacing 
them in solutions of jiotash salts, the blight lifted after three weeks. 
Other manures failed to act in this manner. Having; thus demon- 
strated the imiiortance of potash in connection tvith mosquito blight 
the n(‘.\t step was to discover why potash added as a manure should 
not in the ea>e of heavy soils iiroduce ])ermanent results. To 
allow I'or the greater fixation of iiotash Ity heavy than hy light 
soils, enormous doses (tf potash manures, which should ensure a 
distinct increase in the available potash, were ap]ilied. The results 
showed the effect teas slightl.v hcneticial hut not nearly so marked 
as mia-ht be exiK'cted. 'I'Ik' (|ue-rion which naturally arose was one 
concerned with the action of the manure after it had been apjilied, 
an.l it was to solve this problem that the work detailed below was 
originally taken in hand. 

Tire Aon Soils ol tiik BKAiniAruTRA Valley. 

Before the fixation of jtotasli and other bases hy tlic soils of 
Nortli-east India I'm! he fully ajipreciatod, a brief description of the 
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district concerned is necessary. The Brahmaputra Valley is a brmd 
alluvial plain, the soil of which is, by European standards, quite 
poor. The minimum rainfall necessary for successful tea growth is 
about 60 inches, but in most of the tea districts it is much more and 
in parts it rises well above 200 inches. This heavy rainfall com- 
bined with the ease with ^vhich, owing to the general lightness of 
the soil, water flows away has undoubtedly been the cause of the 
low lime figure (about 0*01^ CaO) met in these soils. The acidity 
is largely due to the absence of lime and the presence of other in- 
organic salts. Measured by the Veitch- Albert method it varies 
from 800 to 2,000 parts lime per million with the lighter soils and 
rises to 4,000 on parts on the Red Bank Dooars where the clay 
content often reaches 40^. 

The action of potash and ammonium salts on the ordinary 
soils of Great Britain which are usually well supplied ^vitli lime, 
has l)een fully studied and it is well known that part of tlie base 
added as a manure is fixed aud that other Rises — calcium, magne- 
sium, manganese and potassium in the case of an ammonium 
salt being added — are liberated. 

With soils poor enough in soluble strong bases to be acid, it 
is possible for the iveaker bases, iron and alumina to enter into the 
soil solution. Connor (3) points out that the immediate eff(x:t of 
the afldition of soluble fertilizer salts of strong acids to tliis type 
of soil is to increase the solution of salts of iron and alumina and 
that these salts are fixed by phosphates. The same writer (4) dis- 
cusses the formation of acid soils. He states tliat there is a ten- 
dency for all soils to become acid, especially where the rainfall is 
heiivy. The constitution of the aluminium silicates is an Important 
factor in soil acidity which varies with tlie relative projiortion of 
the combined water in the silicates. 

The action of the tea soils of Assam is similar to that of the 
soils described by Connor so far as the liberation of salts of weak 
bases on treatment with soluble fertilizer salts of strong acids is 
concerned. Moreover, it has been notices! that the acidity of the 
same type of soil varies with the rainfall of the district. Thus 
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light soils in the Dibrugarh district where the rainfall is 112 
inches show acidities varying from 1,000 to 2,500. At Sibsagar, 
lower down the Valley where the rainfall is 95 inches, the acidi- 
ties vary from 800 to 2,000. Still louver down at Jorhat where 
the rainfall is only 80 inches the acidities vary from 500 to 1,500. 
The variation may well l)e due to variation in the relative states 
of liydration of the silicates and of iron and aluminium oxides. 

As a rule, tlie acidity increases with the heaviness of the soil. 

It seems that the inorganic acidity displayed by the soils 
under consideration is one (piite distinct from that shown by |x;at 
soils and is probably closely related to the adsorptivcl poAver of the 
soil. 


The Fixation of Potash by the Acid Soils oe Assam. 


Most (i the published work on the fixation of potash by 
soils has been done on soils with a sufficient supply of lime. 
Bearing in mind the fact that base fixation is parti}’ a matter of 
adsor{)tion and ])artly one of interchange of bases, the acidity of 
a soil should not enter into tliis side of the question. The chief 
difference klweeii the action of |X)tassiiun salts of strong acids 
on acid soils and on chalk}' soils is that Avitli an acid soil a greater 
nnmbc‘r of bases are aqiable of liberation than with a cahireous 


soil. 


Six different soils were employed in the work descrikd and 


below lire i<liowu tlic incchauicul analyses as determined by Hall s 
sclimentatiou process. The figure ^^■hicll gives the index to the 
degToe of hydration of the clay and lienee to the inorganic eoUoidd 
content of the soil is the loss on ignition of the clay fraction for it 
may lie suiiposcd tliat most of the organic particles of the size of 
clay would have been dissolved out during the process of defloccu- 
lation witli ammonia. 


If the soils are ranged according to tlie loss on ignition of the 
clay it is seen that Lecsli Kiver, in spite of its lightness, evidently 
contains more active colloidal matter than the much heavier clay 
soils of Chalounic and Numaligarh. 
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Table I. 


Shoicing the Mechanical Analyses of Soils employed hi Base 
Fix atio n Experime n ts> 



I Loss on j 
! ignition, i 

Coarse 

sand. 

Fine 
sand, j 

1 

^ Silt. 

Fine 
silt, i 

1 

Clay. 

j Lose on 

1 ignition 
of clay. 


Leesh Kiver 

: 6-46 i 

d’4f) 

22-97 

20-10 

24-10 * 

^ 8-75 , 

! 4-70 

Chaloutiie 

1 7-01 1 

19 55 

i 7-40 

20 50 

13-84 

; 28-47 ' 

' 4-23 

Numaligarh Clay 

1 5'6(5 

10-21 

i 1904 

10-47 , 

18-56 

30-60 i 

i 4 02 

„ Loam 

4-29 ! 

8-93 

i 37 04 

21-32 , 

1 14-81 

' 11-00 1 

' 2-36 

Tocklai Loam ... 

2-97 i 

I 5-29 

; 50-51 

11-21 

I 21-22 

6-96 

i 2-08 

„ Sand 

3*27 ' 

i ! 

, 61-87 

12-37 

1 11-02 

i 3-86 

' 1-84 

Borbhetta 

! 2-22 

5-25 

64-40 

11-66 

' 8-72 

' 4-80 i 

' 1-40 

Gutoonga 

j 2.11 

1 6-33 

1 

! 45-21 

14-40 

19-40 

7-00 

0 40 


The air dried soil ^vllie^l iLsiutlly eontaiiied '2 — jn-r cent, mois- 
ture was used in all exjKTinieiits. iO i^Tains soil were shaken 
with 200 ee. of solution for one hour in the euld and then tiltered 
on a Buchner funnel. Tin* tiltrate was analyscHl. Eacli exj^eriinent 
was done in duplicate and sonietinies in tri])]icate. In calculating 
he amount of p(;tash fixed by the soil, tlie ^\ater soluble potash 
in the original .<oiI has l)een ignored. In most cases thi.s quaiitity 
is of the order 0'0U3 grams K,>0 ]>er cent, except in the case of 
Leesh River where it is O’OOO grams, (generally the neater avail- 
a])le [Kjtasli is a iiegligibh^ (piantity iind in eases where its magni- 
tude is comparable n ith the amount of [xjtasli fixed IVom jjotassium 
sulphate .solution its consideration would Jiecessitate the assumption 
that it is the same in the ])resence (4 jx^ta.sli solution as iti water. 


Table II. 


Shoicing the Fixation of Fotash by Soils from Fotassium 
Sidphate Solutions of Dig event StrengtF 


Original Stbesgtb K,,S0^=aMs. K,,0 ikr litre. 


Soil. 



I 

-052, 1 

•103. 

•214. 

•448. 

' 1 

1 

-605. j 

•841. 

1 M90, 

Chalounie 

0-034 t 

0-044 

^ 0 046 

' 0048 ; 

' 0-115 

0-136 

' 0-158 

Numaligarh Clay 

0-027 1 

0-043 

0-093 

0-158 


i 0-143 


,, Loam ; 





0-035 


0-045 

Leoah Kiver ... ; 

0-ol5 ! 

0-017 

■ 0021 

0031 

0035 

0-036 

0-036 

Tocklai Loam ... 

i 0-012 

' 0-014 

: 0-018 

0-043 , 


0-047 


Borbhetta 




; 


0-(.i35 

0-039 

0-045 

Gutoonga 




1 

1 : 


0 020 

0-027 

0-0.33 
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The results are Ixist ap]>roclated from the curve in Fig. I, 
wiiicli shows the relatiijusiiip between tlie original and final potash 
solutions. Chalounie a clay — nets similarly to that mentioned by 
Hall (o) and referred to later in Table IV and Fig. 11. The 
sandy soils sliow the same charaeteri sties as the clay, only in a less 
markai degree, o\'er a certain range of pofitsh concentrations. The 
case of Kuinaligarh cla}- is inexplicaljle .at jjresent for the fixation 
follows an exponential curx e. Unf(A'tunately further samples of 
this soil were not availal)le. Hk* Xuinaligarh lo.am, from the two 
fixation valiu‘s gm'en, apjKairs to be acting’ as the otlier light soils. 

The sliglit fixation of jiotasli l>v Leesli River is, at first sight, 
surprising. Ibis soil is ricli in ])OtasIi mica and it is possible that 
most of its inorganic colloidal content consists of potash compounds 
whicli would not be ex])ected to readily exchange potash or to react 
with potjish salts. 

From tlie general trend of the ciun es it ajijiears tliat tlie action 
IxUwecu the soil and salt solution is a chemical one and follows the 
law of mass action. Were it simply a ease of adsorption, tlie curve 
wouM an expoiuaitial oiu* in accordance with the adsorption 
formula. This |H)iut is discussed more fully lielow. 

The ijiiesTion oi' tlie availabilit}' of the ])otash fixed is one of 
great economic importance. It has been noticed in dealing with 
niosijuito blight in tea by means ef potash manures, that on clay 
soils a single large dose is more elfective tliaii seviTal small doses 
whilst oil lighter soils several small doses prove of more use. The 
ease with wliicli solulile fertili/.crs an.' leached from sandy soils 
ex}>laius this. The tables IxFnv show the water and citric acid 
uvuiliible potash in the soil after it lias lieeu treated with potassium 
sulphate solution. 

Taiu.k in. 

Shoirhnj the Avoihihilily of Fotash in Soils after Trealment 
frith Potas^'iium Svlphaie solution. 

CuALorNTE Soil. 

Citric acid available pota.di in original Boil=0-008 gins, per 100 gms. soil. 

Water )) i> n n =0’003 „ „ lOO ,, 
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Strength K^SO^ solu- 
tion gme. K.,0 per 
litre ... 

0-052 

0-103 

0-214 

0-448 

0-605 

0-841 

K,0 fixed per 100 
gms. soil 

0-034 

0-044 

0-046 

0-048 

0-116 

0-130 

Citric acid available 
K„0 after treat- 
ment with K.,SO^ 

0-Q47 

0-072 

0-062 

0-101 

0-129 

0-117 

Water available K ,0 
after treatment 
withK.SO, 





0-081 

0076 


Numaligaiui Clay. 

Citric acid availalde K.,0 in original soil^O'008 guis. per 1()0 gni8. soil. 
Water „ „ ,, „ =0 0014 „ ,, 100 „ „ 


Strength K.,SO^ solu- 
tion gms. K.O per 
litre 

0-052 

0-103 

0-214 

0-448 

K.jO fixed per 100 
gins, soil 

U-027 

0-043 

0-093 

0158 

Citric acid available 
K.,0 after treat- 
ment with K .SO^ 

0-043 

0-038 

0A41 

0-041 

Water available K'JO 
after treatment 
with 





Leksh Hvveh Soil, 

Citric acid available K^O in original 8oil;=:O‘024 gms. 

per 100 gms. soil. 

Water „ 

M 

„ =0-009 „ 

H 100 „ „ 

Strength K.^SO.^ solu- 
tion gms. K.,0 per 
litre 

0-052 

0-103 0-214 

0-448 

0605 0-841 

K,jO fixed per 100 
gms. soil 

0-015 

0-017 0-021 

0-031 

0-035 0036 

Citric acid available 
K,0 after treat- 
ment with K^SO^ 

0-030 

0-033 O-038 

0-057 

0-070 

Water available K^Q 
after treatment 
with K,SO, 




0-042 0*033 


vm 

015B 

0122 

0-098 


0841 

0043 

0-148 

0-080 


M90 

0-030 

0-109 


0-042 


0*033 0-042 
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Tockeai Loa>[. 

Citric add available Kfi in original 8oil:=0 007 gms. j er 100 gras. soil. 

» M M „ =0*003 „ „ 100 „ „ 


Strength K.^SO, boIu* 
tion gms. K.^0 per 


litre ... 

1)052 

0-103 

0 214 

0-448 

0-841 

K.,0 fixed per 100 
gma. soil 

0-012 

0-014 

0-018 

0043 

0-047 

Citric acid available 
K.^0 after treat- 
ment with K,^SO^ 

0-018 

0-024 

0-02 H 

0-058 " 

0-065 


Water available K^O 
after treatment 

with K,SO, ... 0044 

Tlie li^uros ;ire vei'y iiTo;!>'ular iiikI it is difficult to luiderstaiid 
why the citric acid available ])otasli is in many (Otises greater than 
the amount fixed ])his the available potash in the original soil. A 
possible ex])lanatioii is that during the interchange of bases effected 
by the |)otassium sulpliate many of tlie loo.<e ])otasli combinations 
are disturlx^d and rendered soluble in citric acid. 

Before leaving the (piestiou of the nature of base fixation by 
soils it ^v^U of 1 interest to refer again to the case of amouia 
fixation from amoniuin chloride mentioned by Hall (5). The 
figures are given l^eloAv : — 


Table lY. 

Slwirliitjthe Fu’<ftlon of Ammonia from 3 litres of Ammonium 
(liolorkk of Different Stre ninths hi/ 100 </rammes of Pure 
Clay (Hall sJiff p, 215.) 


Original 
concentration 
of Bolution 

Original 

strength 

Nil , Cl.— gms. 
Nil j per 3 
litres. 

Fibal 

strength 

NH Cl.— gius. 
NH, per 3 
litres. 

Gms. NIE, 
absorbed, 
by 100 gms. 
clay. 

Percentage 

Ammonia 

fixed. 

N/IO 

0-51 

0-38 

0-13 

24-7 

N 12 

0*43 

i 0-32 

0*11 1 

28-1 

N/15 

! 0-34 

1 0-24 ' 

1 0-10 

305 

N/20 

0-26 

: 017 

0*00 

35*3 

N/30 

0-17 i 

' 010 

007 

40-3 

n;5o 

0-10 

0-05 

0-05 ' 

i 48-0 

N/lOO 

j 0*05 

: 0-02 

i 

0-03 

60-0 
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These results ma}' be plotted either as the ]Km‘iitage of the 
ammonia withdrawn against original norninlit}' from tlie first and 
hftli columns or as original against final strength of solution from 
tlie second and third columns as is shown in Fig. II. It seems at 
first that the removal of ammonia from solution follows the law of 
mass action suggesting that tlie action is wholly chemical. If the 
ouin'e is produce<b it meets tlie base line not at tlie origin but at 
a point which suggests that at a certiiin strength of ammonium 
chloride all the ammonia in solution is removed by the soil. This 
is not a fact and it must be concluded that with very weak solutions 
the adsorpti\'e as ojiposed to the chemical power of the soil to 
remove bases from solutions, becomes the iiredoininaiit factor. The 
ex}>onentml from of the curve is again demonstrated witJi the 
stronger solutions for after the streiigtli X/oO is passed the rate of 
removal of ammonia again decreases. 

The fixation of ammonia was stiKlied in the case of some 
of the acid soils of Assam. Tlie method employed was to 
treat the aramouium chloride extract witli an excess of caustic soda 
and to distil off the ammonia into standard acid. More direct 
methotl ^vere found to be inaccurate. 


Table V. 


Show in g the F ixation of Ammo n i a from Amyno n i n m ( 'h lor id e 
of Different Strengths hg Soils. 


Soil. 

Ammonia fixed by IOO gms. Soil, 

N 1 

approx, j 

0 214 gms. p. 1. j 

N 

NH^ ~ — approx. 

0*437 gms. p. 1. 

Nil J = ^approx. 

4 

0*82 gms. p. 1. 

ChalouDia 

i 

0 039 gmg. 

0*068 grna. 

! 0 095 gros. 

Numaligarh Loam ... 

0*022 ,, 

0*061 ,, 

0-084 „ 

Leesh Fiver 

0*024 „ 

0*056 „ 1 

o 

o 

Borbhetta 

0*017 „ ' 

0*041 „ 

0*084 „ 

Tocklai Sand 

0*022 „ 

0*058 „ 

0*129 „ 

Gukoonga 

0-020 „ 

0.054 „ 

0*118 „ 
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Tlie figures roughly follow tho^e meiitioned above. The four 
‘*audy soils adsorb a fairly coustaut r.itlo of the base added but the 
heavier soils, like tlie clay first considered, a])])areutly lose some 
of tliat ]x>w^er w'lieii the streiigtli of ammonia increases and the 
fixation curve tends to assume an exponential form. Kelley and 
Cummins (6) and (jtlicrs state tliat the reactions between neutral 
salts and soils ari' de])('udent on tlie concentration and apparently 
obey the principle of mass action. This does not wholly agree 
wfith the jiresent ex])eri(aice. 

Manukial ExnEKiMF.N'rs WITH Potash, SupERrnospjTATE and 

Lurn. 

In eontiiiuatiiMi of the study of tlie effect of |X)tash on crops 
in the acitl soils of Assnn several experiments in the field were 
airried out l)v Hope (7) and continued by Andrews (8). It had 
Ixion [>revionslv noticed that soils within a comparatively restricted 
area nriv act differentlv regard to the same tyjie of phosphatic 
inannri' au<l it was (Iccided to observe wlictlier this difference 
extended to other forms of iiiannring. 

In Jorliat four localities wore considered — Borblictta, Baisahabi, 
(iutoonga and Saugsiia. Tlie fifth district— Leesh Biver— is situated 
in tlie Dooars. Three oi these soils were examined in the laboratory. 
Borl^lietta and Gntoonga like tlie other Jorhat soils are sandy loams 
very similar both ]>hvsicallv and (‘hcinically as far as cn’dinary 
analyses sho^v. Lccs^h Biver soil is characterised by a greater 
(piantity of fine silt than the other two and it is richer hi plant food. 

The crop grown was a six weeks one, Cowi>eas caimng). 

Temperatures wta-c ahoiit the same during tlie cxjieriment in all 
three places, hut at Leesh Biver al>out double the rain fell to wdiat 
was registered in the otlier ]>laces. The following are the effects 
of the different manure : — 

lim.—h\ only t'vo ^va>. lime applied alone. At 

Gntoonga the effect ^vas negligible while at Borbhetta 
it was one of dejiression although in the two years 
folhwving tiic Borbhetta limed plots went far ahead of 
the check plots. 



52 THK ACTION OF 1‘OTASH SALTS ON THE ACID SOILS OF ASSAM. 


To limed, and all otlier plots, lime at the rate of SOOlbs. jx^r 
acre added. 

Sulphate of ximmonia. — This manure was added to all 
])lot8 except where ])otiish nitrate u'as added, at tlie 
rate of 150 lbs. per acre, about three A\'eek.s after 
liming. The general effect seems to ha\a‘ been one 
of depression. 

Potash Manwes . — Potash ^vas added both as nitrate and 
sul])hate and in small doses of about 50 lbs. and in 
large doses of 2,500 lbs. and S,200. l))s. resjectively, 
Tlie effect of tlie small dose was not marked but on the 
'whole a small iiu'rease u'as ol)s<a'\Td. The effe(T of 
the large dose was one of distinct depression except 
in the case of (jutoonga where a great rise in crop 
(Xicurred. 

Phosphaiic Manures. — Wlien- potash failed, [)hosj)]iates 
siicceedc'd far in the excess of \vhat miglit be expected 
At Gutoonga the results were negligible. Superphos- 
phate was added in two doses one of 150 Ii)s, |K‘r acre 
and another of 8,200 lbs. per acia^, but the res\dt were 
about the same in ix>t]i cases. 

Residual Effect . — -At Borbhetta tlu^ plots were again jdanted 
in U) 10 and 1020 aial the results showtsl a slakeniug 
off i!i the beneficial effect of s[i|Ka’phospbatc and in- 
creasing benefit derived from potash manures and a 
lesser increase from lime. Roughly (li<‘ (to[)s appear 
<o be falling into line with those of Gntoouga three 
years previously. The experiments were not continued 
ill the r)ther districts, wliich is imu‘h to lx* regretted. 

These diffireuces are uiidouhtedly diui to differences in the 
chemical action of the soils. 

Acid Soils axd Toxic Alumina. 

At this jx)int it is convenient to take up again the discussion 
of acid soils from the tlieoretical [loint of view. 
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It seems prolxible that inorganic soil acidity is a potential 
acidity. Certiiiu colloidal bodies it they are highly h}'drate<l act as 
acids towards lx uses and as a result iron and aluminium salts 
piss into tlie soil solution. Rico (9) shows that on shaking acid 
soils witli ])Otassium nitrate solution aluminium Init nca’cr iron 
passes into solution. The conclusion is drawn that the presence of 
loose comlhiiations (jf weak(*r bases such as alumina, is the true Ciiuse 
of infertility of acitl soils and not the presence of hydrogen ion. 

In soiiK^ soil solutions alumina may be ju’eseut before The 
addition of manur(*s. In this coinuK-titm it is interestiu" to note 

c 

that Warth and ]\} Shin (1 0) state that with the paddy soils of 
Burma, which an* usually acid or neutral, the higlier the |)ercentage 
of solid »le silica, the more ])hospliat{* is recpured in the soil to 
give a good cro]).' Now the soluble silicii is a factor of the ])oteii- 
tial colloi<lal content of the soil and hence of the ehcmically active 
fraction. In the* ahsence* of an alkaline soil solution there will 
undoubted 11 V be a cc'rtain amount of colloidal liydrated iron and 
alumina jirescnr. Tlie action of ])hospates would be to render 
these substances insoluble. 

Two s('ts of fac'tors, the phvsical and chemical constitution of 
the soil, ailect (Top adaptati(m and growth. The latter condition is 
to all enormous t‘Xteut iutluciued by the former. A case in point 
is the instance* of two contiguous plots iiuder tea in the buima 
Valiev, one of which was hatllv attacked hy tea mosipiito ^^llilst the 
otluT was ([uitc for. A difference hctweeii the soils exists wliich 
faunot be sliown by ca-dinary analyses given below : — 

1\\ULE VI. 

Mei’hnnii'dl Analyst's. 


Moisture in sample as roceiveil 
Moisture in air dried sample 
Soluble in dilute acid 
Coarse sand 
Fine sand ... 

Silt 

Fine silt 
Olay 

Loss on ignition 



Blighted area. 


22-22 per cent. 
3-64 „ 

0-70 „ 

14 - 92 

36-77 „ 

13-79 .. 

15 - 82 
8-80 

5-02 „ 
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Chemkal Analyses, 



Unblighted area. 

Blighted area. 

Acidity* 

2027 

2235 

Total Nitrogen 

0*175 per cent. 

0*160 per cent. 

Available Potash 

0-U7 „ 

0-172 „ 

Available phosphate 

0*025 „ ■ 

0*022 „ 


Determined by Veitch-Albert method, expressed as parts lime per million. 


The blighted plot hiu\ been over cultivated for years and was a 
puddled, sticky mass. The soil of the other plot was a friable loam 
although, at the time of saiii])ling, both soils contained the same 
moisture. 

It seems ]>ossible that the above ma}' be an example of alumina 
becoming sufficiently hydrated to assume a colloidal state and henc*c 
to Ijecome a factor in the soil solution. Probably >\ ith ideal drain- 
age such a thing would not Ixi [)ossil)le. Kol)ayaslii (ll) working 
on Japanese acid soils, ciune to tlie conclusion that the compound 
Al^Oy SiO^> . 1 * HoO is acid l)y virtue of its adsorptive power only 
when .r becomes greater than 6 . Without acce])tijig any such defi- 
nite degree of hydration or the necessity of the combination with 
silicix, it seems highly possible that some definite state must cxi^^t 
when alumina takes on such a |)ro}>erty as is suited al.)ox e. 

Ill order to determine xvhethcr alumina is toxic to tea, seed* 
lings were treated xvith aluminium sulphate. Tlie seedlings under 
consideration rec*eived an ideid manure analysing to 

Nitrogen as nitrate ... =8*7 parts jx^r million. 

Water available ... == 0*0012 }>er cent. 

„ „ P.O 5 ... =0*00074 „ 

„ „ MgO. ... =0-00024 „ 

and in addition aluminium sulphate e(jiu\'alent to O’OOOl jx^r cent. 
AI 2 O 3 . After five weeks the toxic effect liaame appjirent. The 
slioots on the plants rec*eiviiig [ilumina Ixjcame dormant and lost 
their turgidity. At tlie end of four mouths the treated seedlings 
died while the check plants were still viirorous. 
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Assumiiio* tlu*u that tli(‘ AHsam acid .^oils an- capable, uuder 
certain conditions ol. hy<lratir)U, oE giving solutions containing toxic 
alumina, the explanation of the manui'ial (ixpeinments described on 
page 51 follows naturally. The action of superj^hosphate on 
Assam soils has been fully studied by Meggit (12) and his state- 
ments are bourne ()iit by rhrMX^sults oljtained at Borbhetta and by 
the exptn-ience gained on many tea gardens in the Jorhat district. 
The great benefit isdiu- to tiu' precipitation of alumina diiefly and 
prolKibly iron in a Itsser dcgrc(‘. Tlic action of lime is due to the 
precipitation of alumina as the oxide or as calcium aluminate. The 
]>reliminary de])r(‘ssiou often cx])erLen(:ed Avith the application of 
lime, esj)ecially on heavy soils, may he due to the solution of small 
(piantities of alumina in some form or other. Mirasol (13) has 
si 1 own till it aluminium ox idi‘ and ]>1i(isphate have no toxic action 
on ])lants while it was further found that on washing a soil with a 
solution of |)<)tassiuni nitrate or snljTiUe, the acidity was removed 
and also 59 per cent, of its alinniniuin. The period during wliich 
leaching tabes place is ap])arently the ])eriod of croj) depression 
(‘xj)evienc(‘d soon after the a]>|)lieati(in of potash manures. 

The Ac’tinx ok Si i’EmuinseiiATi: ox the Acid Seii.s ok Assam. 

In order t«:) follow fuilv the action of ]) 0 Tash manures on 
Assam Mills together Avitli t]i(‘ lih( ‘ration (:>f alumina some couskler- 
atiou of tlie action of su]K‘r])hosphate is helpful 

Soils were shaken lor (»iie hour in tlu^ cold with su]K?rphos- 
]>hate solutions of diffriH iit strengths. Pratoloiigo (14) has shoAvn 
that tlie action In'twccu ]>hosphatcs and skills which arc ])oor in lime 
is |n’actic;illv iimtanraiicous so that prolonged shakingis unnecessary. 
Tlie soil after t<*catm(nt with supcrphosjiliatc Avas Avashed free from 
phosphates and rlmi treated A\ ith potassium sulphate solution. 

The reaction ^vith siijH'r]>hospluite is a higlilv complicated one. 
First tliere is tlu‘ lixalion of iron, alumina and, to a small extent 
cjileium, as iusolnhle iihosjthates. The action of the calcium sul- 
pliate in the manure is probaldy similar to tliat of ]>otassium sul- 
jiliate. A third rcaetioii will result from the. free sulplmric acid 
jirescut in superpliosiihate. The result of these three reactions 
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which are primarily independent and ultimately inter -dejiendent is 
shown in Table Ml below : — 

Table VII. 


Showing the Fh^^otion of Fhosphate (P. 20 -J from Superphosphate 
Solution hy WO grams, soil. 


Soil. 

P,.0,= 
0*193 gras, 
per litre. 

P,0,r^ 
0-378 gras, 
per litre. 

D'730 gms. 
per litre. 

P.,0, = 
1*400 gms. 
per litre. 

Chalounie 

0“16 gras. 

0-26 gms. 

0*33 gms. 

0*528 gms. 

Numaligarh Clay... 

0-16 

0*17 

! 0‘23 „ 

0-285 „ 

Leesh Kiver 

007 .. 

0 13 „ 

* 0*12 

0 262 „ 

Tocklai Loam 

004 .. 

0-08 .. 

; 0*10 .. 

0*166 „ 

Borbhetta 

0-04 „ 

0-07 „ 

1 0*07 

0 086 „ 

Gutoonga 

0*03 

0 06 „ 

i 

! 0*07 

i 0*183 „ 


With the lighter soils tliere ap])ears to l)e a slowing u]) in tlie 


rate of fixation l)etween sii[KTphospliate solutions of strength 0’o7S 
and 07 oO gms. P 2 O 5 per litre, after which the rate again iiiereases. 
This shige apjx?ars to have been reached earlier with Xunialigarli 
Clay and is not experienced at all with (■haloimie for tlic particular 
strengths of solutions used. 

The fixation of potash following in tlie action of suj)er phos- 
phate is shown below ; — 

Table YIII. 

Showing the Fleaiion of Potash from Potassium SulpJode Solution 
of Strength K.yO — 0'214 grams per litre after jweliminary 
treatment with Super phosg}hate solution of varying streiKphs^ 


\ KjO i; Strength snperphosphata as 
Per 100 grams | Oxed by grama P,,0. per litre 

soil. ! original L — ^ ^ 


■ i 

I soil, i 

: 0*193 ■ 

0*378 ^ 

0*730 1 

1-400 

Chalounie 

! f Gms. P ,0. bxed 

,i .. k:o' „ 

1 i 

0*047 

C-16 ( 
1 0-068 

0*26 

0*064 

0*33 

0*107 

0*53 

0*055 

Numaligarh Clay 

J Gras. P ,0. Hxed 

1 *= k;o' „ 

0*008 

! 0*16 
i| 0*065 

0*17 

0*081 

0 23 

0*100 ■ 
_ i 

0*29 

0*048 

Leesh Fiver ... 

f Gms. P„0. fixed 

, 1 -» k:o' , 

0*030 

i: 0*07 
0*039 

0*13 ■ 
0*071 

0*12 ' 
0*084 

i 0*26 
0-025 

Tocklai Loam - 

1 Gms. P.^0, fixed 
t M K ,,0 „ 

0*021 

'i 004 
! 0-044 

0*08 

0*069 

0*10 ; 
0*090 1 

0*17 

1 0*044 

Borbhetta 

' jGras. P^O. fixed 

1 0*27 

' 0*04 , 

^ 0*034 

0*07 

0*063 

0*07 ~ 
0 086 ; 

O-OiT* 

0021 

Gutoonga ... ■ 

1 

' f Gms. P C. fixed 
1 . K,0’ „ 

0*17 

' 0*034 j 

00^ 
i 0*066 

0*07 i 
0-082 1 

0-1^ 

0*025 
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The figure!^ iji the first colamn show the fixation b}'' the 
untreated soil and it is at ouce apparent that the whole soil action 
is changed and the chemical activity increased for the fixation of 
|X)tash subs(X|uent to superphosphate treatment iiears no relatioushii) 
to the original figure. \\ ith the rise shown in jiliospliate fixation 
with a solution of stn>ngtli 1-400^ P,0/a liig drop in the amount 
of jiotiish fixed occurs and tlic capacit}’ of tlie soil in tills direction 
a])proxiniates to that of tlie original, untreated soil. 

^\ith the fixation of ]>otash following on snperpliosphate 
treatiucut the bases iron and alumina are still liberated. Much 
more work is necessary before the al)o\'e reactions ciiii be explained. 

The Liberation of Bases from Acid Sotfs. 

Tlie action of salts on alkaline soils takes place in three distinct 
directions, on the zeolites and, as Sullivan (15) has shown, on 
certain silicates, on the humus and on the calcium carbonate. With 
the zeolites a doiilile decoin] josition takes ]>lace with the lilieration 
of calcium, maguesiuin :uid poTassium. From the humus and 
Ciilcium carbonate, lime is also brought into solution. With the 
acid soils of Assam this action is modified for the solution of weaker 
l>ases iron and alumina is made [)ossil)le. Xow if the action is 
siinplv tme of doubh' deeuni position, the bases liberated should be 
equivalent to the amount of bases fixed. This point was investi- 
gated and tlie resuhs are shown bcloAV in Table IX. 

The ealcul.ati<Mis for com erting liberated iron and alumina to 
)K>tasli e([uivalent were Ixised on the following : — 

KoO : 'i AUO, : 2 FeoO,,-283 : 204 : 318. 

In all case?^ except Xumaligarh where no iron is liberated and 
Chalounie where mostly iron is liberated the ratio for converting 
iron and alumina to ]K)tash is taken as 0/7 ivhich assumes that the 
greater |)ortioii of the lilieratal base is alumina. With Xumaligarh 
the ratio 5/7 was taken and with Clialounie 7/7. 

In dealing with the unmixed bases lime and magnesia the actual 
equivalent weights were taken. 
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Tlie magiiesin ]‘esidues were too sihjiII to ^veigh. Tho 
Chaloiiuie uiAgnesiA preci]>itate the largest, Ri:irb}iotta tlio 
next, Gatoonga the siniallest. 

Tahle IX. 


Showing the Liberation of Bases hg Soils on 7reafment with 
Potassium Sulphate of Strength K .^O-0'841 gms. per litre 
together irith the Potash Equivalents of the Liberated Bases. 


Soil. 

1 Gms. K..0 
; fixed per 
; 100 gms. 
Boil. 

Gins. 

Al,,0^ 1 T- n 

tvo, 1 • 

Gms. 

CttO=K,^0. 

Gmp. 

Mgo. 

Total 
bases 
as Gma. 
K.,0. 

Hemarka, 

Chalounie 

0 136 

0-0163 z::-016 

0-012 = 0-020 

trace 

■0.36 

niostly 

Nmualigarh 

Clay 

1 0 143 ' 

0 0153=-011 

0-014 = 0 023 ; 

1 

-034 

F0,,O,^ 

No.Fe ,0., 

Leesh Kiver .. 

0-0.36 

0-0063 --005 j 

10-011 = 0-018 

•» i 

-023 


Toeklai Loam.. 

0-047 

0-0 1 03 = -009 1 

10-022 = 0-037 

11 

■046 


Borbhetta 

0 039 1 

00I53i=.-013 ' 

0-008 = 0013 

•1 1 

■026 


Gutoonga 

0-027 ! 

0-0103= 009 

1 

0-012=0-020 

1 1 


-029 

! 

i 


ft will l)e iiotieul tliat wirli tlie Four sjiiidy soils — Leesh 
Kiver, Toeklai, Bi.a'hlietta and (ditoonga — the Fixed ])otasli is 
almost wholly ac(‘ounted For bv rh<* liherat(‘<l leases, Tlie ela\' 
soils show a distinct discrepancy and ha\ c been shown to hx not 
only the base but the acid part uF the potassium sulphan*. The 
results and calculations Following on this are shown l^elow. 


Tahlk X. 


Showing the Fixation of Sulphate Ion from a Solution of Potassinm 
Sidphaie^ 0 = 0*8 4 1 grams per litre by Clay Soils. 


Soil. 


Gma. K ,0 fixed 
by 100 gma. 
aoila. 


K ,0 KQUlVAIENTy. 


bases so., 

liberated. fi.xed 


II 

1 


Total. 


Chalounie ... 0T36 | 0-036 gms. 0-11 grne. 0.]4G ginJ<. 

Nmnaligrab Clay... 0-143 j 0 034 ., 0 00 „ | 0.124 „ 

The ligliter soils fix no sulpliateiou which urn be estimated 
but the fixation of an acid ion is ])robably shown in a lesser degree* 
by these soils. 
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It has also been shown that Chalounie soil fixes sulphate ion 
from ammonium sulpliate but sandy soils do not so far as ordinary 
analyses sliow. None of the soils fix the chlorine ion from 
ammonium chloride. Chidounie fixes a trac(i of chlorine from 
])otassinm chloride (fr<jm a solution KC1 = 0'0590%C1., chlorine 
equivalent to 0‘00ld%^ is fixed.) 

It will be noticed that in ev(a’y case exce])t Xnmaligarlq iron as 
well as alumina is liberated whicli observation does not agree with 
the exjKTience of Kicc (9) ([noted above. 

Having shown that aliiinmina isliberted by [)otassium sulphate 
from the acid soils i^f Assam, an attem|)t was made to explain 
whv flutooiiga soil rc‘spf>uded to ]M)tash manures while Borbhetta 
did not until aftta* souk* time during which a dej)ressing effect was 
ex[)(Tieuc(*<l. 

Below is a ta])le showing the fixation of potash from |X)tassium 
sulphate tog(‘tlua’ which bas(‘s liberated. A table is also given 
showing the fixation of ammonium from ammonium sulphate 
\\ hi(‘h althougli it does not (‘iitc'r directly into the discussion is help* 
ful from tlu* point ol view of the general theory <^f the chemical 
action of the soil. 

Tabt.e XI. 

Shoirimj fht’ Fi.i'afifUi of ^rnd Ammooiinn from Su//s 

foijrthrr vifh LIhrrotion of hoses aod Acidiiy developed, 
iML'iires gi\'e grams fixed by 100 grams soil. 

K.,SO, = I’ldfO grams K_>0 per litre. 




Soil. 

K^O 

fixed 

Gms. 

Acidity 

o£ 

Extract'- 

SiO„ 

Al,0, 

Ee,0, 

CaO 

MgO 

llasee 

fixed 

K.,0 

eqniv. 

Ninnaligarli Loam 

0-060 

212 

•0038 

•0084 

trace 

•0202 

•0070 

■058 

Leash Hivcr ... 

0-036 

00 

-0028 

-0019 

i 

i 

•0178 

•0070 

-048 

Qutoong.'i 

i 

10-034 

203 

; 0027 

•0080 1 


•0139 

■0051 

: -042 

Horhhetia 

0-044 

227 

•0026 

•0090 


•0058 

•0091 

•039 


* f\s parts lime (CaO) per million partf? soil. 
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( NH 4)0 804 = 1*278 gms, NH c. per litre. 


j 

Soil. 1 

IaioJ 

gins, gms, : 
gms. ; ° ^ j 

: 

Kc.O, 

gms 

CaO. 

gms 

MgO. 
gms. ; 

K,0 

ghis. 

Bases 
fixed 
K,0 
^ aquiv. 

Niimaligarli Loam 

■044 0056 -OISS ' 

trace 

1 '0188 

•0033 

•0067 

: -035 

Leesh Kiver 

! -048 ' '0040 '0040 

i : 

; M 

, i 

•0199 1 

■0038 i 

•0041 

■027 

Gutoonga | 

i -024 "'0050^0134 

1 ! 


•0129 . 

i 

•0018 1 

•0039 

•026 


From the first colimm it *\vill lx seen that the nature ol th(^ 
h\se has a great ef¥ect on tiie amount of lx sc fixed. The lo^v 
potj^sh fixation by Leesh River has |)reviously been coinniented on. 
Tile ammonia fixation is probably a Ixtter criterion of the chetiiical 
activity of this soil. The acidities given in the first Talile follow 
fairly well the amount of alumina liixTated. Tlie silioi rendered 
soluble is small in all aises. 

The most interesting column is that showing the alumina ^ 
lilxrations. Had tlie alumina lilxrated In* Horhlictta soil been 
much greater than that liberated 1 )y Gutoonga then tlie explanation 
of the field results ^vould have followed naturally. Tiie chief 
difference occurs in the amount of lime lilxraterl. The exact 

significance of this is not clear. 

Borbhetta soil liberates a greater (^uautity of magnesia tlum 
tlie other in accordance nuth its high magnesia content. 

The equivalent of bases liberates 1 in terms of the iiasc fixed 
agrees roughly except in tlie case of Leesh River, when Potassium 
sulphate Is considered. With am on in m sulphate it must lx remem- 
bered that a solution about three times tlie eciui valent strength of 
the potash solution is employed so that the adsorption of the acid 
radicle may be a considerable factor altlioiigh tliis was not 
estimated. 

In Table XII telo^v are shown tlie bases lilxrated from the 
three soils Numaligarh, Leesh River aurl Gutoongn together with 
values from some of the Borbhetbi j>lots, lii the last column are 
given acidities as determined by the Veitcii -Albert method. 
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Borbhetta magnesia plot received 800 lbs. magnesia i>er acre 
and the Lime Plot <S00 ll)s. lime per acre. The sui)erphosphate 
plot received 8,200 lbs. and tlie pot^rsh 8,500 lbs. sulphate per acre. 
An interval of 3 years has elapsed since the manures ^vere applied 
and, as mentioned on page 52, tlie croj)S are now falling into line 
with those obtaiiuid at bTUtoouga tliree years |)rc\'iously imme- 
diately after the appliaitioii of manure. 

Table XII. 

Shoicimj the Fixation of Potash from Potassium sulphate and 
and liberation of Bases by Borbhetta Soils. 

K._>S 04 = 1'200 grams K^O per litre. 

100 grains soil. 



i 

K,0 

fixed 

gins 

Acidity 

of 

Extract''-' 

SiO , 

gms. 

Po,0. f 
Ai;o; ‘ 

gins. 1 

, 

CaO 

gins. 

MgO 

g'lns 

Soil 

Acidity 

Bases 
liberated 
as equi- 
valent 
K,^0 gms. 

Nutn. Loatn 

0-060 

212 

-0038 

•0084 

•0202 

-0070 

1314 

0-058 

Leesb River 

0 036 


■0028 

; -0010 

•0178 

•0067 

1490 

0048 

Gutoonga 

0 034 

2(13 

•0027 

: -0081 

-0139 

•0053 

560 

0-042 

Boiblirttta 

lior. Magnesia 

0-044 

1 

; 227 

! 

•0026 

1 

•0006 

■0058 

■0093 

1042 

1 0-039 

Plot 

0-112 

i 155 

1 

! 0025 

* -0050 

•0061 

•0047 

1198 

• 0 026 

Bor. Lime Plot 

0-062 

i 

56 

* -0055 

•0003 

•0355 

0047 

1064 

0-079 

Bor. Super, Plot 

: 0 070 

114 

; -0187 

•0158 

*0585 

•0046 

1176 

; 0-092 

lior. Potash Plot 

0055 

72 

i 

' -0046' -0122 

1 

■0270 

I -0048 

1014 

1 0067 


■ us parts lime (CuO) per million parts soil. 

The first four soils in the table arc untreate<l soils whilst the 
second four have liad drastic applications of manures which do not 
yet seem to liave reached a state of etpiilibrium in the soil solution. 
Tlie amount of ]>otasli fixed bears practically no relationship to the 
bases liberated or to the ([uantities of iron and alumina, set free. 

Tlic capalulity to lil)erate alumina seems to be no indication 
of soil fertility ^vhen it is reincmbere<l that the superphosphate 
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is giving a 260 \)ev cent, increase oiv the check plot and that 
tile |.) 0 tash [>lots have almost attained ecjiial fertility. It will 
1)C notice<l that altlioiigh on the su|)erphosphate plot the amount 
of alumina Ulcerated is increased by 50 jier cent., the lime lilx^rated 
has increasai by 7 00 per cent. 

From all four Borbhetta treated jilots the same amount oi 
magnesia is liberated and is about half the <[uautity liixTatcd from 
the check plot. Fui*ther investigation is needed liefore these facts 
eaii lx interpreteth 

The acidities of the Rorbhetta plots \\'('re (*sti mated l)y the 
Veitch-Ablert method and are not seen to viiry much with 
manuring. The acidity of Gutoonga is about half that of Bor- 
bhetta. This lon^ value corres] Kinds with the small loss on ignition 
of the clay fraction shown in Table I. 

All the evidence except tlait in the last talile points to ahimiiia 
and ])erha])s iron as the cause of the toxic effect of potasli salts on 
Assiun soils. Although it has Ixen shown tliat akimiuinni exist- 
iiiii’ in the soil solution as the sulphate giving rise to aluminium 
ion is toxic, it dexs not follow that this element in all its forms 
is toxic to plant. The alumina liberate^] from tlie fertile Borblietta 
])lots in conjunction with lime may exist in a non -toxic state or it 
mav lx rendered haianless liy the j)reseiice of lime. 

]ilaii}' of tlic results obtained differ from those of other workers. 
These discTe]>aucies are due no doubt to inherent differences in the 
soils under considt'ratioii. 


CoXCLUSlONS. 

1. Tlie aci<l sdils t)f Assam fix potitsh and aminoiiiuin from 
their salts in a mauuer similar to that shown hy the chalky soils of 
Great Britiiiii. 

The reaction is ])aitly one of pliysical adsorj^tion and p^irtly 
one of chembil interchange of Ibises. 

2. As the (.'lay content of a soil increases the capability of 
the soil to interchange bases increases. With weak salt solutions 
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(comparnhl(i in strength uith those met in the soil) and for strong 
solutions the |>re<1oniiuatlrig factor is physical adsorption. 

3. The l)as(‘s iron and alumina in addition to lime, magnesia 
and potash are liberated by soluble salts of strong acids from soils 
]>oor in lime or alkalit's. 

i. A\ath sandy soils tlu* biises lilxa'ated correspond with the 
(‘fpiivaleiit hastes hx(‘d. With heavy st)ils this is not the case for the 
salt as a whole a])]K'ars to be adsorbed. 

Sohibh^ alumina is toxic to the tea ].)laut. 

6. Tlie liberation of alum inn by salts from soils does not in 
itself signify tlmt tlie soil is infertile. The presence of lime in the 
soil solution iipp(‘ars to rcjider alumina harmless. 

7. Toxic alumina is rranoved from the soil by the addition of 
sujxTpliosphate ^vhicll ]n'(‘eipitates the insoluble salt, by lime which 
reixUTs the oxide insoluble or by potasli wliich brings tlie alumina 
into solution as a salt whleh eau (“asily be leaclied out of the soil. 

8. Superphos])hat(‘ increases the e]i(>mlcal activity of the soils 
of \ssam in tliat tli(‘ir (“ipahility of tix liases is increased. 

9. Until tli(‘ exact siimlheauev' ol soil a(*idlty, as met in Assam, 
isd(‘hneda solution f(» the ]>rohlem on hand will not be found. 
Drainage, soil aeration and tiltli are 1 actors ca]iable of so ntfecting 
the degree of hvdration of (•(nTain soil constituents as to render 
thorn toxic Jir uoii-t«>xie. 
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A NOTE OX THE SliSCEPTIBLLITY OF WOODS TO 
BOKEK ATTACK, VXD OX THE \ ALEE OF ROSIX 
VAKXISH AS A PROTECTION. 

E. A. Axdukws, h.a. 


During* tlu* war, when, owiii^’ to sl)ort:ii>\‘ of freie’ht, lar^’e 
([iiautities of packe<l tea had w he strjred for extended periods, a 
eousideral)le amount of dainaLCe and ineonvenieuce was caused by 
the depreciations of hoiaas i)f one kind and anotlu*r, which obhiined 
entrance' into the wood rd t1u‘ ehe>Ts in the store godowns and 
(‘Isewliere. The daniai;'e, which was niosr noticeable in the ease 
of eonntrv boxes made of Sinml, was not by any means imkiiowu 
previoiish'. l)iit liiuha' normal (’oudirions tlie majority of eliosts 
reached the bh-nder." in servi(‘eal)k‘ condiri<ni, wdiereas tlelays in transit 
ci>usei|iu‘nt upon the state ol war eaii>ed many boxes to become 
nuserviceal)le lonu’ before tliey could even be shipped from India. 

At that time this dejiai’tment made the sugge>tion that it tea 
boxes were treated with a rosin \aruisli a suttieient ]»rotoetion 
miu’lu be aft‘orde<l to (‘liable tia* eliosts to reach Euro pm a ser- 
vieeable eonditioii, and with a vi(‘W To testino' the value of the 
suii’evstion siinid wood, the im^st su^ee]►Tibl( wiaod of all, was 
treated with the varnish and ex]>osed to the action of boring* l>eotles. 

The treated wood formed |)art (da eollectinn of shocks of 
various kinds of wood ke])t in the laborawy for reference pur- 
poses, and on examining the treated wood on Aju'il ^Dth, PJ21 
an exaniiuntion of all the otlicr woods was made at the same 
time. These wo(kIs showe.l diftereuces in degree of snsce])tibilin- 
to attack suttieieiuly consideralde to be of some interest, and the 
results of tlie examination, and ol the rosin varnish treatincut, 
are now placed on record. These ludcs have particular reference 
io the common “ Shot bore^s^” small beetles belonging to the 

“ SUotaiote borer. ^ .bieh is . different ^tle, Ay/e/.n. 

beUrajsing to the Uwilv 
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family Bostryehidae^ Avhicli ^vere responsible for most of the 
damage done to the shocks. The amount of damage done to 
the shook s was compared by making a count of the number of 
emergence holes of the beetles. 

A marked feature of the attack A\'as that in uearh' all cases 
the C‘eutres of the shocks were untouched av bile the periphery 
n'as attiicked, though in ii ^e^^' eases one half of tlie shook ^\ as 
utwcked, while the otlier lialf was sound, or practicdly so, Tliis 
was seen to lx? due to the difference in degree of susceptibility 
to attack between heartwooil and sapwood. The majoi'ity of 
the shocks were tangential sections of the tree, so that the centre 
had origmally been situated nearer the heart of the ti'uuk, and 
the borers cousecjuently tirst attacked the j)eripherv. Ju a few 
cases the shook was Iialf of a tangential section, witii heart \\ 0()d 
at one eilge and sajavood at the other, and then the mie half 
was attacked ^\ hile tlie other half Avas left. 

Another point shown by tlie observations is that, sjieaking 
i^'enerallv, harder and darker woods ;ire less attacked than softer 
and lighter woods, though certain light-coloured soft \\'<hk1s, more 
|»articularly woal from Coniferous trees, appeal* U) be resistant. 
While however it can be said that, although the softer woods are 
more liable to atttek, some are not attaeke<l, the harder >voods, 
of those examined at any rate, apjjcar to be universally resistant 
to iitUick by these particular borers. 

The woods which Acre examhu^d, with details of the 
damage done, are given below, listed uiidei' the natural orders to 
which the trees lx;loug. One side of each sliook was [>Iaued, the 
other unplaued. As the shooks were situated, the planed sur- 
face of each was ex[>osed to the light, while tlie unplaued surface 
was in the shade. The tigures show no particular diirereuce bet- 
ween the number of emergence holes on the two surlaces, 

Maonoliackak, 

MaynoU ccmphelUi Hook. f. ^ Tlioms. 

Vernacular names : Lalcljum]) (Nep.) 

Damage : None. 
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Mii'heha {uitJicariU Hook, t 6: Thoms. 

V(Tnacul:tr names : Kalekaiii}) (X(;[).) 
Daiiiaue : None. 

\ L'l'iiaciilar names : Ijoiiehampa (Ass.) 
Daiua^'e : None. 

Axonackai:. 

Alpha Crnh'ii'osa Hook. 1. Oc 1' lion is. 
\’eniarular naim-s : ? 

Damam* : Xone. 

( Ai'r.vianArKAK. 
i 'Viifat'ca Forsi. 

AT-ruaeular name : Hoi'on (Ass.) 
Damiiue : Xoiie. 


Maia'aoka !■;. 

fii>niit>i.r ni<ii<({Kiri\'u)n I). 

\ eniarular uiiiiK's : Simul (Beiin.), lliinolii (Ass.) 

Uaiiiam'- lTaiu‘T >urtaee ... ... holes. 

L UjTiiied ... 4Sa 

TaI^v nearest heart of trunk... 18 

,5 outsidi' of trunk lo:^ 

'ro|i rial ... ... ika ,, 

Hottt)!!! end ... ... Ih 

Total ... l,:Hl holes. 

Of the woods exainined this is far and away the most sus- 
eeptible to attack iiy hovers. Althouifli tiie shook was Treated 
with rosin varnish and, as we believe, thereby reiulered immune 
from attack lor two years, it is far more badly attacked than any 
of the others. The liji>'ures shoAv distinctly that wood ttikeu 
from the outside of the trunk is move subject to attack. 
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Stekculiaceae. 

S fere id la ala fa Uoxl). 

Wn’iiaculiu* imnies : V 
Dania^'e : ^s one. 

Sfereullii vlllosa Hoxh. 

Vovunciilnr names ; Udel, Udar (Hind.) 

[Mid, Odid (Ass.) 

1): 1 1 nage : PI: u ie< I s ui' [': i(.‘( ‘ ... . * . 1 5 h ol es. 

Edge ueaR‘st outside of tnmk lo ,, 

[ Ujilaiied surl’aei* o ,, 

Total ... .HH holes. 


This \voo<l was very light and spongy, and full ot dry rot. 


Ttliackak. 

FAaeocavjne^ Iniet'ai'foUn^ Koxl). 

ATriiaeiilar names : Hhadras (Xe]).) 

liclphoi (Ass.) 

Damage : Xo damage done lay Bostrychids, but the sliook 
liad ixTai i)ored In a Cerambyeid. 

Echifwearpus da,'<yearpy.^ Benth. 

Vernacular names : Gobria (Xcj).) 

Sitarjat (Ass.) 

Damage : Six holes on the jdaned surface. 

This shook was exceedingly dry, and had l>een ^T*ry badly eaten 
at one edge by terndtes. This ma}’ have iK^en merely on ai vomit 
of its Inn ing Uvai in a corner, adjacent to a batten attacke<l by 
termites. 
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Bcksekackak. 


Gariiga pbinata Uoxh. 

Vcniaailiu* uuiiies : I):ilxlaln (Xep.) 

Puui-amuni (Ass.) 
surface ... 

Utiplaual surface 

nearest henrt of trunk .. 
5 j M outside of trunk 

Top end 

. 105 hok's. 

■ „ 

• 1 . 

118 „ 

9 

* " u 

T(^tal 

. olO holes. 

C^nvi r i be u ye k n se I v f >x 1). 

W'l'nariilar names : Xereki (Ass.) 
Damage': leaned surface ... 

Un]>lane<l surface 

Ed^e nearot heart of trunk .. 

outside id trunk 

. .1 liules. 

. lo ,, 

. 1 „ 

•)*) 

““ V 

Total 

, . oh holes. 

All the holes wei’e on the softer edge of the 
warped and s]dit. 

shook, which had 

MKETACKAr.. 


( Vrfrr/e iov'fi^ lii.ixle 

Vernacular namo : Tun, tuiii (Xep.) 

lh.)oma (Ass.) 

Damage : Planed surfaa^ ... 

En]daned surface 

Edge nearest (Hitsidc^ of trunk 

7 holes. 

o „ 

.M „ 

T(>tal 

hi holes. 

Th(‘ darnageil nlge was \'ery soft. cspcH'ially ; 
was cruuihliug awa\ . 

at one end, which 
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Afmm'ff rnhiiul'ff A. 

Vcnianilar iiamos : Bandriphal (Nep.) 

Pitaraj, Tiktaraj (Beiiu.) 

Pitraj (Ass.) 

Daroao-o : Noiu\ 

Acei{A(m-:a e 

^VT cinnpbdlii Hook. f. Ot Tlioins. 

^eroa^ula^ names: Kaliaslii (NA'p.) 

Diuua^'o : a holes on the plaaeO surfaee. 

Sarixoaceae. 

Aesculu-^ pinuhinnQ A\ all. 

^Vniacnhu’ names : Knnkri kola Oinp-i (Xep.) 

Kkuhea, Knnkri kn^la (Ass.) 

Damnire ; 7 holes fjii the edii'o of tin' slnv)ks whi('h had 
ori^^inalh' heeu situated in'ares^ to tin- ontsirlr 
of the trunk. 

AxAC.VliOIACEAE. 
indica L. 

Vei'innailar names : f.owi am (Xep.) 

Am (Ass.) 

Dama^re : Planed siirfaee ... l.^O hohs. 

Unplaned snrfaee ... HI 

nearest outside of fnink 1 1 ,, 

Total ... dll holes. 

LEOlAfrXOSAE. 

Alhhzia ■<tipvln(n P)oivin. 

^Vrnae^d{^r names : San, Siris (Xe]).) 

Sau, Harish (Ass.) 

Dama;^e : Planed surface ... ... HI? lioles. 

Unydaned surface' ... lO.y ,, 

Pld^e nearest outside of trunk 60 „ 

dV»tal ... holes. 



ANDREWS. 


71 


One of the shook consisted of very soft wood, and the 
damage was confined to this ])ortion. 

Albizzia procera Beuth. 

Vernacular names : Safed sir is (Nep.) 

Damage : 4 holes in tlu' edge ^vhich had originally been 
nearest the outside of the trunk. 

Eryfkrin^f Indira Lion. 

Vernacular names: FullifHm (Nep.) 

Madar (Ass.) 

Palte madar (Beug.) 

Damage : No borea’s had be(Mi at work inside the shook, 
but the ]il:iiied surface ^vas much etched in 
the softer ])arts r)f the grain by some similar 
|)est. 

Eryfhrina arbore^^ren-^ KoxI). 

VeniiKMilar names ; Fullidha (Ne]>.) 

Damage : None. 


CtnriniETACRAE. 

Terminal la myrloearpa Huerck. Muell. Arg. 
\ (aaiacular naiiR's : Hollock, Jalna (Ass.) 
Dinnagc : None. 

Termlnalla rifrina Fleming. 

\ (Tuacnlar names : Hilika (Ass.) 

Hariti^ki (Beng.) 

Damage : None. 

Lythhackak. 

Pnabanya .<oiinrratloide-^ Ham. 

Vernacular names : Lam])atia (Nep.) 

Kokon (Ass.) 
Kamdaloo (Beng.) 

Damage : None. 
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S'yssa se3<sllij^ora Hook. fil. 

Vernacular names : Kalay, cliilauni (Xo]).) 

Pani kadaiu (Ass.) 

Damage ; Xone. 


AroCYXACKAE. 

Aktonin sehoh(ri><' K. P>rown. 

Vernacular names ; Pliathvan (Xep.) 

Chatwan (Bong.) 
Satiaiia (Ass.) 

Damage : Xone. 


Bokagixackae. 

Ehretia irallichiana Hook. f. Thoms. 

Vernacular names : Boeri, Dowarl (Xop.) 
Damage : Xone. 


Laukaceae. 

Linder a pulcherimma Benth. 

Vernacular names : Sisi (Xep.) 

Damage : Xone. 

Mnrhilits homlnjcina King. 

Vernacular names : 8oom (Ass.) 

Damage: 4 holes situated in the jKirt nliieli was 
nally nearest tlie outride* of the trunk. 

Machihs edfjlis King. 

Vernacular Jiames ; Diidri, Le|>chaj)iial (Xep.) 
Damage : 2 lioles on tlie jdaiied surface-, 

Machihis yammieana King. 

Vernacular names : ? 

Damage ; None, 


or 
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Beilschmiedia siklimensisi Kiiio', 

V'eniiiciilar : Tursinn’ (Xep.) 

(?) Duuihal (Ass.) 

I):iniai>'e : 2 holes on the ] planed surface. 

Cuitiumoinion oh fusi folium Xees, 

\ eruaeiilar uaiiie>: Siiu^'oli (Xep.) 

hat Honda (Ass.) 

lav.jaatj Kaiute/pat, Kiuton (Beug.) 

Damage : None. 

Cryptocarya amyydaHna Nees. 

Vei’Liaeular name> : Patmeru (Xc]).) 

Boii'So(jiii (Ass.) 

Dana^ge : Xoue. 

Tuvmklac'kak. 

AyuHariif ayallocho Hoxl). 

Vernacular uaine> : Sasi (Ass.) 

Aggar (Beng.) 

Damage : Xoiue 

HrriieiHRiACEAK. 
bjihlosppnninn chiiu-u^e l^eurh. 

Veruanilar names : Holoidchaki (Ass.) 

Damage: Planed >m‘faci* ... ... n::! holes. 

L iiplanrd surface ... 

Ddges ... ... — t) ,, 

Total .•* holes. 

Tdiis shook appeared to hr.ve l)eeu cut from the outside of a 
One edge was much damaged. 

MiU'UTiwyi ih'uliculdtu Muell. Arg. 

Vernacular names : Baura, Modala. 

Miulala (Ass.) 

Burua (Beng.) 


Damage: Xone. 
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Trew ia nudiflora L. 

Yernacukr names : G-iiuiliar, Kendlo (i\.ss.) 

Pitali (Bang.) 

Damage; Planed surface ... 060 holes. 

Unplaned surface ... 441 „ 

Edges ... ... 118 „ 

Ends ... ... n 

Total ... 1,187 holes. 

Moraceae. 

Moru^ indica L. 

Vernacular names : Chhot^i kimbu (Xep.) 

Nuni, meshkiiri (Ass.) 

Tut (Beng.) 

Damage : Xone. 

Faoaceae. 

Castaiiopsis sp. 

Vernacular names : Hingori (Ass.) 

Damage : Xone. 

Coniferak. 

Abies pindroic S])ach. — Tlie Silver Fir. 

Vernacular names : Tos (Punjab.) 

Damage : None. 

Picea morinda Link. — The imlian S|)ruce. 

Veniacular names : ? 

Damage ; 1 liole on the unplaiiwl surface. 

Piniis excel sa Wall — Tlie Blue Pine. 

V ernacular names : ? 

Damage : None. 

Podocarpus neriifolia Don. 

Vernacular names : Gunsi (Ne[j.) 

Danuige : None. 
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All interesting feature of the results obtained is shown ^vhe^l 
the woods are arranged in order according to tlie amount of damage 
done. It is then readily seen that tlie woods fall into (listinct groups 
of differing degrees of susceptilhlitv to attack. Group I, of Avhicli 
1^han\ ( Bomba, V malaharicnm) thii only representative, may be 
looked U[)ou as very highly susceptilile to attack ; Group II, repre- 
sented liere only by gamliar (Treicia mdiflora) as highly susce^p- 
tible ; Group Til as susce])til)le ; Grou]) IV as slightly susceptible ; 
and Group as rcsisbmt, for tlie \voods ha\'e been exposed to 
attack for at least six years. 


Wooii. 1 

No. of j 
holes. 

Group. 

liutiihnx (Mslvuccaa) 

1 

\:>\V ■ 

! 

I 

Tinrla utalijloru (EiiphorbiaCtiay) 

1,137 i 

i 

II 

J (Leguminosae) ; 



imltca ■■■ ■■■ 

314 

j. HI 

(Jariifja pif(/Mtu ( Biii'S<.‘i'aCL'ao) ■” i 

310 

j 

' ■ “ **' 1 

S7 

■ 

Cetlit'lu (MtilittCt'ao) ■ ■ i 

G1 

)> IV 

1 

1 

i 

Cauanuu, UmjaUnn (^13ui-5i«r«. eab- 1 ••• j 

3y 

1 

i-W/uAi (Steicnli.icof!) ; 

33 

j 


? 


K/,r/..eu.7.e--' ('bib.a 

G 


(Aceruceai ) ... 

j 


MMi<ii.afhnuii> (Maguoliac.-ai‘) 

(Logiiiniuoaao) 

Muvltilu.^ humh,imi>a (Laiiiaooa.') 

i 

V 4 

1 

1 

V 

i 


(Lanracfliie) ••• - I 

Btihrh minim mkkomr(>ii.< (Lauraceao) 

/V(vu (Coniferao) ... 

Maynulhi ctwdn'Iln ' ‘ ’ ' 


. Tin, WU..U hav. be.,. uu,ch bisbcv l.-i .be woo.i .ub .,«u t.cUe.l wUh re.i„ 

va,ui.l. iu Nev.,,..l.e,' i.MS, by whieb .hno .boto were already l,«80 holes, 



XOTE OX srSCEl’TIBIUTV WOODS BORER ATTACK, &C. 


Wood. 

Mirhelia e.i'ceha (Magnoliuco;tt:*) 

Ali^h <>/iiieu[renti-ioi^(( ( Anonacoiiw) 
id'nf'tnm (Capparicluceae) 
ixkiia (Sterciiliaeeae) 
Ehxe'K'Ui'i)^^ Imt'-taefoUns (Tiliaueud ) 
t'uJiUoka (Meliaceae) 
Ei-yllii-kia arbfji'e.<i:en:i (Legumiiio^^iie) 

Eriftht'kui imlira ( ^ 

K-itruiii (Conibrataceiuj) 

,, myrtvfiirpa ( „ ) 

Doalniitga (Lythracead) 

Xysiu ^esfilfjiora (Coroaceae) 

Algiotini .<<•], olar^H (Apocynaceae) 
Ehretia tmUa-hiiuta (Boraginaoeae) 
C(rot((K>fiii4)iiti • hfosif’jliuin (Lauraceae) 

tim yyikilnta ( ,, ) 

L'riukra iiukhet')‘»itH{ ( ,, ^ 

gaii'ihieaiM ( ,, ) 

Ainitiurhx agail^x-ha (Thymeleacoaa) 
Mwarttiuja ikutkoJaia (Eupliorbiaceae) 
.1/'// 'O': inOka (Moruceae) 

(Eagaceae) 

Ahks lundvttr (Coniferae) ... 

Pi)UK* ( ,, ) ... 

PoihcitrjAfk neritfoiat (Couiferae) 


No. of 


holas. i 


0 


It will Ixi f>eeu hrm the foreo-ohiu- tuble that the sinml ;iiul 
gaiiilmr worxls were aftectwl to almost the same extent. Tliis wa.s 
due, not to the t^^ o wo(xls falling into the same groujj, hut to tlie 
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siinul having' Ix^on troato*! with a rosin varnish towards tlie end 

of 10 IS. 

This varnish was prc'jiared by dissolving' rosin in turpentine 
in the folio wino* ]>ro]iortioiis : — 

Kodn ... ... ... 3 1 lbs. 

Turpentine ... ... 1 gallon. 

The varnish wa> nirrety applud to the wood with stiff 
brush. Ap|)lied in this wa\' I gallon of varuisli nais found to 
cover of 10 si|. ft. of siii'I'aee on 1 ‘ouglilv planed wockI. 

'Fhe eouiiiry l.joxes in general use are of three sizes ; — 

Large size, '2'2” X '2'2" x surface area 2l‘3f> sq, ft. 

Medium siz(‘, 10 ' x surface area s({, ft. 

Small size, lb" x lb" x siirbiee area 12' ii sq. ft. 

1 gallon nf varnish wonlb ilicrefon* -utlice to cover — 

1^3^ large boxes 
or 30 medium 
or 30 small ,, 

Loth tho I’osin and turp(MUiue were obtiuued from the Govern- 
meiiT Tnrp'utiia' l)isTill(‘ry, Ihiowalla, I . P. 

The I’osiii cost Ivs. lb per mam id (in 10 IS) Kathg'odam, 

IL K. Uailwa\, paelod in harrds eonrainiiig approximately 
T.^ mauiids lu'tr. 'fhe tiiiqK-iitiiie used, and whieh was (juite satis- 
faetorN', was Xte IlL e()stmg' bs. <S pt*!' galli>u tin f.o.i. Gallo 
Factor V, near Lahore, X. W. Hy. 

Ojie i-alion of varnish would therefore cost Rs. 2-li-O plus 
freight, jaittiiig the* eost per hox somewhere about 

large’ size - aiiuas 

medium size ... 1 anna b pies 

small size ••• ••• ^ 


plus cost (•[ a])])licatiou. 
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the simul wood was treated on 

November 2 

1,08b holes in it, distributed as 

follows : — 

Planed surface 

... 4b0 

Un|>laned surface 

... 141 

Edge nearest outside of trunk 

... 139 

,, ,, heart ,, ,, 

... 17 

Top end 

1 0 

Bottom end 

14 


All the above holes u'ere markcrh nnd on M.areh 17tii, the 
wood wa>i again exainiuerl, aivl, though more than two years harl 
ela]'>80(h only 31 new holes were found, distributed as bdlows : — 
Planed surface ... ... 17 

Uiiplaned ... ... ... 8 

Edge nearest ontsirle of trunk ... b 

„ ,, heart „ „ ... 0 

Top end ... ... ... 0 

Bottom end ... ... ... 0 • 

rhe.se holes were also marked, aial a fresli examination was 
made later, on A]>ril 29th5 1021, ^vhen 04 more holes were seen 
to have lieen made, though the ])eri(yl which had elapsed since the 
last examination was oul\' six weeks. These fresh holes were 
di.stributed as follows : — 

Planed surface ... ... 3. a 

Unplamxl ,, ... ... 3fi 

Edge nearest outside of trunk ... 7 

,, ,, heart ,, ,, ... 1 

Top end ... ... ... 10 

Bottom end ... ... ... 7> 

It is thus apparent that the effect of the vai'uish has now worn 
off, and the rate at which damage is being done would ap|)ear to 
.sho\v that until quite recently the varnisli was exercising a pn^tec- 
tive influence. 


There is every justification, from the alxtve figures, for the 
assumption that the effect of the varnish lasts for, at any rate, two 
yejtrs, and this method of ])rolonging the life of tea chests is one 
which merits the consideration of tea ship])ers. 



NOTES ON TEA MANUFACTURE.^ 

FU li. Coorivii, B. F.c.s. 


1 iicsc iu)t(‘s to li’ivo slioi'tlv and as clearly as possible 

u u’l'iieral aceniiiit of ^^ll:{t ]ir()l)al)ly tabes jdace (Inriuo’ the making 
of i)liick tea. TIk' account ])r(‘sciits no fresh iuformatioig and docs 
not claim to b(‘ arrurate since there is so much still to be discoveredj 
])articularly of the fernieiitatiou ])roc(ss. In this account, the 
tVnueulanoii tlKM)ry oi' Ik riiard lias Ijcen iisfxl, since this appears to 
be best in aword with tlu' fact-. It should he borne in mind that 
this tli('orv and many of tlu' other statements liere following are very 
|H>ssii)]v (juite 11 lacct irate. an<l certainly reijuire contirmation. W‘t 
the proci'ss of manufacture indicated is probably not very far from 
tlu‘ l)est likel\' to i>e disco\ere<l, si nee all the reeommendations made 
hu\e ]nat‘n tcsTid and eheeked in taster's reports, and may be con- 
sit lered to have hecai et)niirme(l by [)raeliee. Mann is partieularly 
tlioroue'h in adoptimt the cheek of the tasters re|)ort. In any case 
it is liopetl that tlu'si* iiot(‘s may lie interc'sting to many planters, 
and u.-cfnl to soimc paitieiilarlv to new-comers to the industry. 
( Vitwisms and ol^ci'vation fi'oni jilanters will lie welcomed, and 
niav l(‘a<l to (cxtiaidcd knowledge. 

Scientitie terms whieli might ha\'e made these notes clearer 
to niaii\’, are as far as possible a\dide<k in the hope that they may 
U‘ rea<l b\' a witlta* circle jilantcrs. 

The notes are taken mainly fi'om the work of Maim, Hope and 
Carpenter and tile writings of r!ie Java investigators of tlie same 
subject Nauuiugn, Bernard, M'elrer and others have also yielded 
uineh useful information. 

’The stihstanec's of tnost im]iortanee present in fresh tea leaf 
are : — 

1 . Uaifeiiuc 

’ Kur u .liscusi-iun of this ;nul rival Ihcorios see 1911. 
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NOTES ON TEA MANUFACTURE. 


2. Tannin. 

8. A substance wliich on £ei’inentatiou yields an “ essential 
oil/’ i. e., an oil which can be distillal with steam, and 
has the characteristic odour of tea. 

1. Caffeine is an alkaloid, a white crysUilliiie solid soluble in 
water, which is used in inaliciue as a stimulant. Tea is certiiinl}' 
consumed practicalh' solel}' on account of its cafteiue. Yet sit we 
Cixlfeiue is colourless, odourless, and practically tasteless it has lU) 
influence on the colour, taste, or smell either of tlie dry tcji or of 
the liquor, and therefore has no influence on the ([iiality of the tea 
as nieasurcil by its market price. Siniilarl}’ alcoliolic liquors are 
coiisunuxl on acct)unt of tlieir alcohol ; }'et their ^-ahle cannot be 
measural by the alcohol content lait de]>ends on flavour produced 
by other substances, altliou^uh the amount of alcoliol does influence 
tiavt)ur, particularly in s|)irits. 

2. Tea- tannin is a white non-crystalline solnlde solid which 
rapid!}' absorbs water and turns brown w hen expose<l to air. It 
resembles the tannin of oak-btirk, and oak-galls in many resjxrts, 
but certainly differs from either. Its chemicd constitution has 
not }‘et been determined and is probaldy indt‘flnite an<l variable. 
In its uuchauge<l state it is resjunisilde for tlie (lualities known as 
“briskness,” and when present in greater ([uantity “ pungency.” 

The compounds produce<l from it l)y oxidatioti during fer- 
mentation are certainly responsi]>le for “ cup-colour,” and ])robably 
for some part of the flavour. 

3. The essential oil is responsible for the aroma, aiul the 
greater jiart of the flavour, the essential oil occurs in ver}- small 
quantities, and lias been little investigated. 

These two latter subsUinces offer fields for investigation, of 
very great interest, l)ut of grejtt ditficulty. 

It is clear that the (piality of manufactured tea de]>ends 
maiuly on the (quality of the fresli leaf. Perfc’ct manufacture, 
however, will tvaste as little as |)ossible of tlie essential oil and of 
the tannin and its fermentotiou jrtxlucts ; will adjust the length of 
fermentation so that there is a nice Ixilance between “cup-colour” 
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and hriskricfis ; ” will take care that nothing is introduced which 
would spoil the tea ; and will turn out the tea in a meclianical 
condition likely to jdcase tlie market for which it is iutended. 

The manufacturini*' process coinniences from the moment the 
shoot is rletiiehed from its stalk by pluckhtit. The plucked leaf 
must 1x3 preserved from undue drying; l)y kee[)ing as cool as pos- 
sible, and must not be bruisetl or broken by careless handling. If 
so l)ruised the fermenOition ])rooess commences, and as the broken 
leaf may then undergo a fermentation of over 24 lH)urs, it may be 
rcadih' understood tliat it is s])oilt. Leaf also should not be 
close- pack e<l so that it gets Into a liot, moist state fa\^ourablc for the 
(levclopment of harmful bacteria. 

Withering.— Tlie evidence at present available points to some 
enzyme as the agent ouising tlie oxidation avIucIi occurs during 
fermentation. Mann snp])osed this enzyme to be a “ non-living ” 
suhstana' occurring naturally in small fpiantitv in the juice of the 
green leaf. During witliering tlie enzyme increases in amount. 
Tins increase Mann seems to liave ascribed to a merely chemicil 
action. The active ])rincij)le in that fermentation (of sugary 
li(|uids such a> malt “ mashes/' and grape juice) which jumduces 
alcoliol fiaun sugars, is also an enzyme ; hut in that cas6 the 
enzyme is pnxluced during the growth of a micro-organism — ordi- 
nary yeast. Though tlie yeast is a living organism yet the enzyme 
I’lroduccnl l\v it is a non-living sul)stauco, and tlie non-living juice 
s.|ueezed out of yeast, will produce the same fermentation as yeast 

itself. 

Bernard foimd that on leaf in tlie gnrden in small (juantities, 
and in fernuMiting tea in large .luantities, there akvays 0 (xmr yejist- 
like micro-organisms, and his theory that fermentation is pro- 
duced by these organisms apiK:'aTs more prol)able than that of Mann. 
Both agree that no l)acteria are concerned at any rate vdth the 
main i^r^KOss and indeed the only bacteria actually found in fer- 
menting teas u]) to the lavsent, six)il the tea if fermentation is 
carrial on too long. Such bacteria, for example, produce sour teas. 
At any rate it is certain that a proiier withering time is essential 
totlie praluction of goal tea, and under eitlier of the above 
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theories the reason is thjit the enzyme must l)e alhnved to develo]) 
before fermentation is commeuccdj in order that |)ro]X'r i’ermentii- 
tiou may be complete l)efore my harmful bacteria j)resent hav(‘ 
had time to act U|X)n the tea sufhciently to spoil it. 

The proper withering time can generally be foretold with 
siithcient accuracy by managers ot experience : and experience 
generally lias contirmed a table given by Maun. The number 
and kind of veastdike organisms occurring on leaf in the garden 
may vary, and other fact(>rs [uay also cause variation, and as it 
ap[)ears that in practice an excess of one or t\\'o hours affects (|uality 
little, this table gives a good enough apjiroximatiou to n ork to. 


Correct icithering time. 


Average mean 
temperature. 

Very dry weather 
or with wind. 

! 

Ordinary withering 
woathor. 

Atinofiphere 

saturated, 

80^ F. 

19 hours. 

191 hours. 

“26 1 liouis. 

HV F. 

18 „ 

m 

25 „ 

82'^ h\ 

17 

! 17§ 

251 „ 

83" F. 

16 

16^ 

221 „ 

84" F. 

15 „ 

15^ 

' 2i;- „ 

85" F. 


: Hi „ 

20 

Mean temperarure is half the sum of the 

highest 5uul luwust temperatures oceurri 


during the withering time. 

The average is about 18 hours. 

In this time leaf is ehemically ready for rolling, Inti this time 
drxs not necessarily produce leaf in the best mechani(‘al condition 
for getting a goo<l twist on the leaf instead Ci breaking it u]) f luring 
rolling. For example, wnth a saturated atmosphere and a tem[M‘ra- 
ture of 80^^ F. leaf wall have dried very little in 2b liours, so that 
it is too brittle to roll ; yet, if the leaf is left longta*, rjualitv will 
suffer. On tlu^ other hand it may be ])ossif)le Iw withering in a 
a current of hot air to get leaf apparently ready ” iu sav 8 hours. 
The quality of such tea wdll l>e ]x;or, because sufhcieiit enzyme I has 
not develo])ed. From sucli leaf under fermenti'd teas iiaiv Ix) 
exjjected if the normal fermentotion time is given ; or if the fermen- 
tation time is extended there is a risk of the ktn lieing utterly s)H)ilt 
by the action of harmful bacteria. In practice it is usually not 
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N'ciy difficult so to s])reii(l the \vi\i that it dries at a iMte which will 
hriii^’ it into ^‘ood condition ior rollin*;' in a time not very ditt'erent 
troiii what is thou^iit to lx; the best chemically — say 18 or 20 
hours. U ipler such conditions of saturated atmosphere as occur 
duriui;’ the hei^iit of the rains in the Dooars, that is when leaf 
left to itself would ucaut Ik' ready ’’in reasonable time, the best 
jn'ocedun* is ])robably to allow the leaf to lie s[}read normally for 
a tew hours short of tiu* best withering time (in order to allow 
the enz\ ine to d(‘vel()p), and then rapully to dry it into a good 
condition for rolling, in the artificial current of hot air. 

W liere owing to sliortagc ol machinery, leaf has to he pushed 
through, whetlier ready or not, ipialiry cannot be ex[>eeted. 

Leaf must, of course, he so s])rcad tliat all dries at aljout the 
sa!tu‘ rate, othern is(‘ uue\'eii teas Avill !)e produced. 

'Fhe soluble inatua-, and rim soliilde tannin increase during 
normal witluTiiig, hui as soon as tlie leaf Ijecomes unduly dry, both 
solui>le matter aiid tannin <leeline. For this reason, again, broken 
or liruisril iiKiko noor le:t. 


Leaf as hvoii.ait (-‘'»iitains an avei'agc ot alKHit "(i \Kr cent 
wati'i', and iluriu.u' iioi'inal withering dries till the water content is 
about (10 per cent. 

Should leaf become too dry iluriiii^' witlieriug there is a ixissibi- 
lit.y that the cells will becouie so empty of ivater that the cell-walls 
will eollaiise instead of burstiup when rolled. 

Where <■•00.1 tea is made, “eliuuu's” appear to Itc wcuerally 
preferred to racks for witlieriuj;-. On racks some slioots will haug 
a.,wu thromdi the wires, become overdried, and so s,x)ilt ; otheinv.se 


there is prol>ahlv little in it. 

Rolling • nnriim- rolling some of the cells of the leaf are burst 
Uv the pressure, the .piiee expelled, aiul spread cveuly over the sm- 
c'lr of the leaf. It is thus brought into coiitaet with air, and with 
tlie'e'u/,vine. ' 'I’kc eu/.yme causes oxidation of the tauuiii, and thus 
fermentation has eommeueed. 

\t the same time tlie leaves are rolkxl up so that when dry, 

PPbrokcutoihastlKmtpi — 0 a bunch of wires. In times 
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past great care had to l)e exercised during rolling so that ns tniieh 
of tlie tea ns possible was so rolled, and not broken u]>. With 
present-day harder rolling more of the tea seeins to be ])roken u]), 
and tins would tend to increase the prcentiigo of “ fannings ” 
and l)roken tea, botli of whicli give letter liquors than a close- 
rolled leaf-tea, and on the present market get better average prices. 

The harder the rolling, the more juice is expressed, and tlins 
more of the tannin Avill become ex])osed to ra])id oxidation, a!ul 
liquors of stronger colour are ])rcxluced. 

Overhard rolling is thought to lead to loss of tip, and this may 
be easily understood, since the darkening juice gets rubl>ed 
into tlie hairy tips, and the ti])s may even l)ecT)me ctusIkhI uj), or 
at least have the fine hairs reinoved. With the present preference 
for strong liquors, fairly hard rolling seems to 1)0 in general 
favour ; but for markets asking chiefly f(n- a])pearanc(‘, lighter rol- 
ling is to lx? ]jreferre<l. 

Fermentation : As has already Ixkmi iudiciite<l, the most 
irnportiiut clumge taking place during fermentation is an al)sor]>tion, 
by the tannin, of oxvgen from die air under the iutiueuce of an 
enzyme naturally present on die leaf, and developed during wither- 
ing. 

By this oxidation the pungent colourless tannin is eliaiiged 
to a brown sulistance, Avhii'h gives colour and pro) >:i lily sonu* of the 
flavour to the !i(|Uors, but has no pungency. 

The same change, naturally, also effects the colour of the, infused 

Ic^f. 

It follows, therefore, tliat uu<lerfermented tea, wliih* retaining 
high pungency, avUI give jioor cu]) colour : wliile tlu* infused leaf 
will keej) a greenish colour. 

Overfermented tea, on the other hand, will dev(4o]X‘ strong 
colour at the expense of the tannin, and will theixdore yield “ soft ” 
liquors. At the same time as this change is ])rocee<]iug, the es.sen- 
tial oil resjxinsible for aroma is Ixang d(‘velojx‘d, hut it is not 
knoAV'n whether the develofiment of essential oil is due to the same 
or any enzyme action. 
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It seems tuii’l}' cleur, tlierc^fore, that the quality of tea must 
(lejKuul eliietiy oii tlie (quality of the fresh leaf, that this leaf must 
urigiiuilly contain a sutheienlly liigh percentage of tauuin to yield 
gootl euluiir and still retain sullicieiit imehuiiged touniii to make 
the li([Uors brisk. 

The deveh.)pmeut of aroma also must depend upon the pre- 
sence of soiiie suhstanc(‘ in the original leaf, tliongh there are possi- 
bilities of increased kiujwledge, leading to some slight change in 
maiiufaeture which may eaus(‘ a najre complet(^ development of 
aroma than is always ol>taiiied at pres(*ut. 

rermenting tea, Ihjwcwt, not only coiitaius the yeast-like 
ca*<ninisms <liseo\'ered hv IkTiiard, l)Ut also swarms with other 
iiiici'D-dru'iiiiisms iiu'liiiliuii buctiTiii, and certaiu of the^e last arn 
enpable of sjioiliuu' tlin taa. 

Ifadoi’ia i'o([uii'n tinii' in wliich to develop sutficiently to pro- 
ducts iiuu'h cHeet, and their rate of increase becomes much giCiitei 
as temjK'i'aturt* rises, lloili tluajia' aiel practice point to tt\o 
metluKls of nslueiup' damane In hacteria — rapid fermeutation, Iocs 
temjieralures, and eleaidiiiess. The rate of fermentation de|seiKls 
uiKcu the amount of enzyme present ; hence the necessity of long 
witherim;' time, ami the feniicutiiig Hour may here also play a part, 
siuee it svotdd natnrally l>e imi.regnated with the yeast-like orgaii- 


'I’liis p<issibilitv was not eousidered by Maun who assumed 
tlK' Inerease in euzvme during withering to l)e not conuatftl svhh 
tl,e ..rowth of a miero-orgauisin, and lieuce advised fermentation 
„nda- eomlitious sneh that all micid-organisms were exeduded so 
that fermentation look place nmler aseptic conditions. 

Theoreatmajoritvof ]ihmters are of opinion that the fei- 
ti„„r does liave an inllueiiee, and that a new ferment, 
vields poorer teas for some time. Cases arc. nuleod met 

..Jliwhei-eferiiientations on white tiles at new factones have not 
laltouotieealilelossof ]iriee,bt.t such a widespread op.mon pro- 

l,),!, some fotiudatiou in fact, and for this reason the iiucro- 
on-a’iiisin (of Carpaiter and IVniard) tlieones nty cotistderod us 
Utter utaLaCvith facts thiniMiuni’s; but Mann’s wanungs as 
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to the jx)ssibi]ity of harm from bacterial action, cannot be disregard- 
wl, and reasonable cleanliness slioukl cciTiiinly Ik.* obser\'ed in the 
factory. 

A fcrmeutiug* Hoor or a kutoha ” sorter anvthim»’ 

a])proaclnng a sour smell certainly needs mure fre([uent cleaning, 
sina* it may easily intrcKlucc a taint into the teas. At the same 
til lie Manu\s rec'oiinnendation to sterilize tlie floors com|)letelv bv 
suildiiig seems ooutrarv to tlie present evideni’c. 

Fermentation is inllueneed Ijy 
1. air-su})j)ly, 
i, temperature, 
b. time. 

1. Air-supply ; Siiue fermentation is an oxidation prwess, a 
good supply of fn*sli air must lie ensured by ventilation. It must, 
however, seldom occur in practice tliat the air-sup[»ly is detieieiit. 

A ilraiig'ht should certainly lie av'oidod since it woiiM teinl 
to dry out the leaf. 

Manu s suggestion of wet clotlies is sound, sliict* not oii]\’ 
do they keej) the fermeutiiig room eool, but ki‘e]) the atinosphen* 
saturated, and so prevent < Irving out. 

2. Temperature : Maim has sliown tliat the bi'st bM'inentiug 
temperature is between 78 and Si F., although little liarm is 
ap] larei it ween 76' and 81' F . 

In the mannfactnriiig season this tem|H.‘rature is Iniow the 
normal sliade tern |K' rat ure, and tln*refore tlie fermenting room must 
be kept cool artificially, aiul this is normally dom? liy means of 
sun-proof roofs a lul walls, and hanging wet c•lotlle^. The Hoor, 
particularly Avhen wet, is of course cooIit tliau tlu* up] n r air, and 
little difficulty is usually experienct'd in keeping the fta’inenting 
leaf at ahout tlie right tem|KTaturc in tlie fermenting house. 

More care miglit sometimes U* exercised while the leaf is in 
the rollers, wdiich are sometimes plac(‘d in a rpiit<* warm jKirt of 
the factory, Som(* factories arrange For a sti’eam of cool air 
to play on tlie rollers, and results are tlioiight to Ik* favourable. 
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\Vh(*r(5 th(‘ sliado fpin]>crature is below 75^ the fennentation temper- 
ature may be increased by s]a*eudin^^ the leaf thicker, and thus 
utilizing tli(‘ heat develojK^d by feniu‘iilatir)U to keep the temper- 
ature of the leaf above that of the surrounding atinos])liere. At 
higher teiii])eratures leaf shouM be spread about inches thick, 
both to avoid undue rise in temperature and to ensure even fer- 
mentation. 

3. Time : There is at ]»resent no exact method of ascertain- 
ing when f{*nnentaliou is (*om|>lete, and the best guide is a prac- 
tised uose, sinc(‘ fermentation is complete soon after the development 
of maximum aroma. In Java fermenting time varies greatly, 
being in some factories com]Jete when the leaf leaves the rollers. 
In Xorth'Kast Iialitithen' is not so much variation. 

The essential oil res]K)usib1e for aroma Ix^gius to increase very 
iM]ii(llv wiicii rf.lliiin' (•(Iiinneiiccs. and the rate of ])roductiou slows 
down as iVniientation ]irocpeds till the amount of essential oil 
roaches a maxinmm in alinut 3 hours from the commenceinent of 
rolling;-. Aftei' this time it heji'ins to decrease, sometimes only 
slowly, hut ill >ome eases rapidlv. i^Iaim has suggested that a 
rapid loss of essential oil is due to tlte action of harmful bacteria. 
For the production of niaxitnum aroma, then, fermenting time 
should not exceed 3 hours, and this is ],robably about the best time 
for the production of teas, of which the main selling quality is 
,„,,nia. But this time nill not usually suffice for the production 
'of .,oik 1 liquors, and teas to he sold for liquors require usually 
alKmt I hours or .Vi hours at the most. Fermentation time, of 
..oimts from tlie coniinencement of rolling. At iiresent, 
unfortunatelv. no rule can he given lor determining the optimum 
time of feriiieiitatioii aud no doubt it varies for different factories 
and different seasons; hut in most factories jiast e.xjKa-iment has led 
the adoption of a standard time which lias been found to yield 
teas inbugiug tlic Ix'st siverngc ]>ric(>. 

Tea once it lias lieeu rolU^h should never come into contact with 

„,'blarke,nng of tlic liquors omirs. Tt may lie remeinliered 

that’i.nlinary old-style Idack ink is a compound of iron and taunm, 
luid we do not require ink in our teas. 
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Firing : Wliou tlio loni is placed in the dryer, it is in such a 
state, that furtlier fenneutatiou even at a low teniperature u'ould 
lower quality, while fennentaTloTi for any leuyth of time at a high 
temix^rature will coiqdetely ruin it. 

The tirst requin inent of a driiM’, f]ier(^for(‘, is rhat it slaill rapidly 
raise the temperature of the leaf sufficioiitly to st(q> fermentation 
altoo’ethor. 

Mann has shown tliat this temperature must cert a ini v he over 
loO ajid it is proha hly IxTtei' at about 18()T. On the other hand the 
temperature should not exceed ISO F. or tin' loss (ssential oil is 
gi’^atly increased. These are temper. .lures in tlu' lejif, wliieh hy 
evaporation is ke]>t at a lower temperature than tit at of the hot air 
surrounding it. 

<luoe fernuM nation has hern stojiped tlie ]woh1ein tluai is to 
remove the w;n<T as rapidlv as ]'>ossii)lo. Auv h'^tewing’ of the 
leaf results in loss of ([ualih'. Mdiih* auv great (juantitv of evafer 
remains the rate of loss df cs.'^ential oil is wvv mpld, ^v]iil<< rli(‘ loss 
from ‘ 12-anna lired ’ leaf is eom]KU■a,ti^'elv slou'. 

At rlie same time it is not ad\ isah]e to j>roduce too rajiid drying, 
or there is danger of ‘ ease-hardening ’ — rhe^ production of a drvl.n'cr 
(only slightly jiervious to water- vapour) aw tin* outside of the' Icuf, 
which preveius rapid eva{)oratiou of the' waua* lo('ke<l ii]> in the 
cells in the middle of the leaf. 

Hope and (. ar|K‘ntcr reeonunended for macliiiies of the Paragon 
t}*pe a ‘machine tem|>(:*rarure ’ of 200''F.; or, wlicrc flavour is the 
chief consideration, 220' F. sinee it is then es.^eaitial that no 
fermentation shall go fui at the high temjK'raturc of the machiiu’. 

At tliese te]np(‘ratur(\s thin spreading of the leaf is essential 
trap’s must he moving at their fastest, and there must he a definite 
forced current rd'air jia'ssing o\'er the trays. 

With thicker spreading, teuqaa’atures must he higdier, f)uf 
quality is liable to be lowerefl 

Tea after fitinl firing contains an a\'erage of 2 to 3 per amt. 
moi.sture, hut rapidly ahsorhs more from the atmosphere and 
when allowed to stand in tlm house Mann showed that the moisture 
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wutfiit of most tea rose t.) 91% aftei' lo liuurs, aiul 1(11% 

6^ (bn-s. 

l\‘:i i liter luiikiui;' uii(lri'^;()es cIimuuvs. 

A iH)st4*enaout;itiuu, iliie U) some oii/yiue which esoipes 
(k'structiou (luring' tiriugj iiiuluuhtcdh' gacs ou hi iiuule teus^ aiul 
lends to im|U'uvciiient. Cliis (si/ynie requires ii certniu moisture 
L*outx,nit iu the le:d. I oo e muisture coiiteutj uu the other 
lumd, leads to detei'ioratioii ol the tea, and excessive moisture 
allows the production o[ mouMv tea. 

W'elter produei's very >troug evifleiice that teas should he packed 
at a moisture content not higher than Gj- and 7 per cent. The lead 
lining of the should of cour.w he air-ti^'lit so that uu 

fiirther ah>( »)‘ptL()!i of water take> plaei'. 

Many determinations made on iea> a.', tluw arri\'e oil the market 
show that th(.* l>e>t t<‘av do acluallv contain ahoiit to 7 per cent, 
moisture. 

liee^eiil market rejiorts vliow ^ thai this matter is of particular 
iiiijKa'tancc just now when teas tiia\ he put up fur sale very long 
after makiiiu', and maiiv teas which uiidouhtedly wouH have lx;eu 
of high ([uality arim e spoilt. 

file adoption of the suggestion made by Hope and Oarjicnter in 
Hd 1 1 for the j)urehase of a halaiice and drying u\ en, hy eWTy factory, 
for (leti'i’iiihimn' the moi>tiii‘c content ol teas heioi'e paekiiig would 
c(‘rtaiulN- now lead to great sa\ ing. Any iutelligent schuul-boy 
can he trained to varrv out the simple determiuatiou. J^iiuilar work 
is alwav> done l)V Assamese Uw's, straight from schooh in tliis 
(lejiartineiit's lahoratoru's. 

One other p(mit sluauld he Ixa'tie in mind. Lea, whether ‘ 

;mua fired* or final tired, deteriorates rapidly at tem|)iTatures alnwe 
air temperatures, and should therefore nut remain longer than 
absolutely necessary, in hig heai^s, in the interior of >\ iiieh tem})eru- 
ture remains high lor soiiu* time. 

AppGurniioe : (iradiugaud sorting are not within the sco|x^ 
of this Mftk'lc. Till')- arc purely couimciviul problems. There are, 
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however, one or two factors affecting ai)]>ear}mco which are of some 
scientific interest. 

Even teas can, of course, only 1)0 ]a' 0 (luceil l)v even work even 
firing. 

For all these tiun spreading is necessary so tliat there is no 
difteremx^ l)etween the inside and the outside. 

The preference shown by the present market for In'oken teas, 
and even dusts, is ]XTfe(tly logical, since the more linelv tlie tea 
is divided, the stronger and l)etter is the liquor extracted from it 1)\' 
boiling water. In fact the reason why all tea is not preferred in 
the form of dust, is probably prejudice mainly connected with iloulit 
as to its |Kn*fect purity aial cleanliiiess. Ordinary dust as now 
sold, of course, comes ironi all grades of tea and therefore ^^Hl nut 
possess the flavour of fine teas obtainetl i>y sifting rolletl leaf, whicli 
process se|>jirates out yomtg leaf. 

Estimations of tannin and total solulde solids in the extract i^ive 
a verv fair idea of the ‘ liquoring qualities ’ of a tea. Dusts givi> au 
average of al)out '27 % taiiiiiu and 4o % total solids ; Ih’okeu orange 
l^ekoe averages about the same in taimiu, and alw)ut \',\% total 
solids, while a ]>eko<.‘ souchong averages aliout 2'1% taimiii, and 
40% total solids. 

Im|)ortimt factors which logically affect i[uality as jialgnl b\ 
api^earance are ^ stalk’ ami ^ti]i.’ 

Stalk is more or less rightly regarded Iw the pultlic as in the 
nature of an adulterant. While there is some reason for believing 
that stalk will give more fla\’our than some leaf, stalk always 
contuns distinctly less tannin thiiu ]vi\7 <loes. 

The golden coloured fragments recurring in Ifigh grade teas, 
owe their ap|X'arance to a mass of tiny hairs on the tips of f)uds 
and verj^ young leaves. Teas showing a large [)r(q)oi'ti<m of ‘tip’ 
must therefore 1)0 made from young leaf, and other things being 
equal young leaf makes better tea than old leaf. 
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It is \T‘ry r('<^'rett:il)le that only a very few t(‘a gardens sent 
mvoiilogical re]iorts for the season under review. The exeeptious 
were some Caehar aiul Sylhet plantations. Furtlua-, the Mycologist 
was on lionie leave f<n' rla^ latter half of the year and during the 
lirst half he (-(juld not do inucli touringj which fact contributed 
towards a paucity of such dt-iailed information as has been obtained 
usually in previous years. However the follow iitg notes, though 
s( anew hat Incoinplcte in detail, will furnisli some idea of the nature 
and (‘xteiit of blights in the past season. It should be noted that 
the numl)er of reports received up to February F):21, has been 
disa[)[>ointing and the fact cannot l>c too strongly eni[)hasised that 
unless re]K>rts are O'gularly sent l)y a large number of planters it 
will d( ‘tract much from the value of the seasonal r(‘[)ort. 

LEAF DISEASES. 

Blisikk ulight. 

l)AKJLKLiXii AM> Tkkai. — A hliougli uo iiilormation was received, 
surc'ly the blight must hww ])een present in many gardens. 

Jali'AIGI'KI .\m> l)o(>Aas. — Xo la^jiorts were recei\ed. 

AssAM.—Spceimeiis wtav received from several gardens, in 
Sibsagai', .birhal and fiolaghat. The blight was in evidence 
about the middlcM^' March and disajipeared about the end 
nf August. The blight has beeit spreading steadily south- 
wards and it is interesting to note that it has rcjiched 
Lett('kujau, where it was not seen before. 

Cacuau AND SvmiKT.— Till now the blight had not been found 
in these districts. But it has now been reported from one 
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gimlen hi Xortli Oacluir ^v iiero it w us sjiid tt) be prevalent 
ill a eortaiu slauly section with jungle on both sides. The 
disease attack was of nioderate intensity. As no specinieiis 
were sent for examination it is uncertain wlietlier the 
disease found ^vas actualh' blister blight. 


Coi’LKH bluuit. 

( Lh^^fndia c*t}ndlitt\) 

Dar.ieklini; and Terai. — X o rejKMts were recei\'ed. 

Jalfatglju and Doha us. — Specimens were received from one 
garden in dal]>aig‘uri, ulieve it was serious in certain sections. 

Assam. — S|K.A'iiueus were recen ed irom one garden in Sil>sag'ar. 

Caiuiau AND SvLHET. — It Was common in tliese districts. It 
wars serious in one gairdeu in North Sylla t whcia* it caused 
consklerable damage. llic disease ap[>cared at the end of 
April. It WHS kept in check for soim^ time by jjlucking 
off all tliseased lea\ es and burning them and was thought 
to lane U*eu tlioroughly stam[ied (Hit at the end of July, 
but during n long s|jeU of wet weather from l>t to 20th 
August it rc-oeeurred again and disappeared upon the 
advent of dry weather in October. Ft atUicked all juts (jf 
tea, tlie good jat being more siiscej>tible. 

BkoWN BLUillT AND DiK-liACK. 

f i \dbt()tr k-hvm camellia fe = Glomt'vdla Gloeosporivm Sp.) 

Daujkkling and Tkkai. — N o reports were reeei\'ed. 

Jalfaiguhi and Dooahs. — S jX'ciineiis were rcceixcd from two 
gardens in Jalpaiguri. 

Assam, — Mycoiogical reiort w'as received. But tlic Might 
wus comniou all o\or tlie district. It was not so bad as 
in the previous year. 

Cachak and Sylhet. — I t was corn moll in both the districts but 
was worst on cei'tain weak, low Bing, sljallow rooting 
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Sections. Tlif lilio-ht, i,i :\f.„vh niKl romainefl 

tlirouo-liont ,1,0 yoa,'. \[anip„,i a,vl Assam indi<rcnons 
woiT' loss fiffoctod fhnii hvhrirl. 

' jxoiiiKnsrif (Ills (li>oaso woro also rooc'i\o(l from oi,o yardon 
in Chitlayooyr a„d ai,orl,or i,, Travauooro. This bllydit oansod somo 
clamaym to soodlinys i„ somo districts, ft was also found on the 
loot of a (had ton luisli. ft was also obsca'vod on Albizzia prncera. 

( Fp.^fahz cia fhp<ie J. 

Daim AND T KUAT, — X(»ivj)fn’i wiis rocoivorl. 

JArA’ATcriD AND D^oai^s. — S pTimons \v(ro rocoivor] rmrii one 
IZ'arilni in (lie I)oo;n’s. 

AssA'Nr. S| K'ciii K 1 Is wA'i’c from ono 2’^irf](''n in SihsR^^fAr, 

\ f'l'V liriln ni tll(‘ Ijliu'ht \\':is [ii‘«‘s('])t. 

(\v<’|[Ai; AND SviJiKT.— Slip'll t in ]n:in\- pirrlous. 

Him Ri.iGiiT. 

f Alfr7ii<fri<i Sj). and Phy<ioIn>j}\'al cav.<es). 

Dak-ikkian'd AND Tkidm. — \ o n‘|io]*t wns I’cneivod. 

JAi.rATorKT AND DonAKs. — Xf) rc^iovt ^\as I'cceive^L 
sVssAM. — l*ri'siiit fn A sliii'lit eNteiir in some pinions in Jorliat. 

(\u'iiAK .\ND Svi.HKT. — I^’Oseiu to n sliLi’ht extent in one pinien 
in Inikhijnir. 

Black rot, 

(Hypcvhnvs ihrac). 

Oaimkhiini^. and TkilvL — Xd iv]ioits wi‘]*e received, 
f]Ai,D.\D;n:T and Ddo.vls, — X n rejioi’ts were received. 

Assam. — X o re|Kirts wi'ix' reivived. 

CA(niAi5 AND Svlukt, — F ound in one pirden in (Iniro’oLi. It 
did very little damage. 
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STEM DISEASES. 

Oankkig 

(S (‘drill riniiiihiiruia lUid Xedrii^ Sp.) 

OAiURKiTNTi axi) Tmuai. — I t Wiis obscrvo'l ill OHO ^virdoii iu 
Darjeeling. 

Jalfauu'ki AXi) Do<.)au 8. — No rejiorts were rcceh'ed. 

Assam. — No reports were received. 

l^ACHAK AND SvLUKr. — It WHS foUlld ill OllO gardou III (^acliiir. 


Stem (bvia.osrriKs. 

( Causes unknown.) 

Daimkllixi; axo Tkigvi. — I t was observed iu one garden in 
Darjeeling. 

dALFAtoriu AXI) Dooaks. — No r(‘j)orls were r('cei^’el]. 

Assam,— N o reports were received. 

Cachar AXI) Syuilt. — It Mais coiniiioii in Hailakandi, tlie 
Loiigai and Chargola Valleys ol Sylliet and in Lakliijair 
and Ha]>]>y Yalley oF Cacliar, 

Sjieciineus were also received iruin one garden in Travancore. 
Kkd 

( k V/)/? ale a ras Myeo ide a . ) 

or 

( ( k^phaleiirih^ virescen<.) 

DAiuKKiaxG AXI) Trrat. — N o reports were received, 

•lALFAiGriii AXI) Dooaks. — No repoi'ts Mere received. 

Assam. — SjKs'iineiis 'were receive<l from one gai'den in Sibsagnr. 

Caciiak AXI) SvLHKT. — ft Was present in l>oth the districts. 
This rli sense \vas not rej)orte<l as severe a.nvw]i(;re. 



THE NATURE OF SOIL ACIDITY IN NORTH-EAST INDIA. 
P. H. Cakpkxtkk, r.i.c.j i.c.s. 

AND 

C. R, Hauler, u. sc., a.i.c. 


IxTuonrcTiox. 

A ^reat deal o£ ^^'0^k has been done and a great number of 
theories have Ixjen put forward in connection with soil aciditv. 
Mcjst of tlic ^vorkers have carried out their ex]>eriments in tem- 
perate climates and wit!) "soils not sidijected to tropical and snb- 
trojacid conditions. Whilst the methods Avhicli have been devised 
arc doubtless cajiable of estimating certain forms of soil aciditv 
tlu'y <lo not give results wliich may be satisfaidorily inter]>retcd in 
the field so far as North-East India is concerned. 

The investigation described in this pajier lias been carried out 
Avitii a hoi>e of elucidhting the particular nature of the soil acidity 
that oc‘curs under the conditions ju’evailing in tlie Nortli-East India 
tea districts and of obtaining a means of remo\ ing or inhil)irinn' 
the action of this acidic body. 

The factors tliat ]u-0[hice Avhat is known as soil aciditv are 
doubtless many, but they are all included under this one compre- 
hensive term since tiiey possess the common pro]>?rt\' of nirniug 
blue litmus red. It Avas probably this similarity tliat led to the 
introduction of the term. The litmus test Avas probably the earliest 
used to determine soil acidit}'. At the time of its introduction 
the ionic theory and colloid chemistry Avere undeveloped and both 
these factors have imjAortaut connections with the prol)lem. 

The earliest ideas of soil acidity are couiKX’ted with the 
theories of humic acid and similar balies formed from the organic 
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matter iii the soil but it soon becaiue evident tluit inauv soils 
I)Osscss»ing but \'ery little organic matter wlietlier measured bv 
loss on ignition, direct det(‘rinination of carbon or h\ the Grandeau 
method or one of its modificatious ])ossessal :'ery markedlx' tliost* 
jiroperties that were comjirehended under the term soil acidity and 
which were rectified wholly or in ])art by the a|)|)lication of lime 
or some free liase to tlic soil. 

Soil acidity then, as first defined, resoh^ed itself into a question 
of hydrogen ion couceiitratiou and various metliods have l)een 
devised to deal with this as]>ect of the ])roblem e\'en to direct 
titration of soil extracts ^^■ith alkali. Tt >vas \'ery soon evident 
that such a sim])le ex])laiiation of the ])henomenon was very far 
from the truth and that whilst in a few soils with a very high 
content of organic matter tlie determination of hvdrogen ion might 
afford ani approximation to the actual soil acidin* vet in the vast 
majority of cases this was not so. 

Other theories were then formu]at(‘d Avhich resulted in other 
methods being devised and ])articii]nrly must be mentioncxl thos<^ 
based on the supposition that soil acidity is due to the ])resenee 
of silicic acid or of acid silicates. This theory doubtless amaiuts 
for a great {mrt of the acidih' met with in many s(ah for, with 
sufficient hydration, many silicates and [Kissildv some of the weaker 
bases assume acid jn’operties. This ty])e of acidity nvults in many 
cases from weathering. 

Later workers, and pirticnlarly Connor (1), Ah)K)t (^), and 
Daikiihara (3), have investigated another aspect of the (piestion 
and the capability of iron and alumina entering the soil solution 
as acid silicates in the absence of sufficient (piautides of lime and 
magnesia is given as the cause of soil acidit\' in some areas. Tlie 
addition of salts of strong acids to these soils iucrcjises the aimamt 
of the ^veak bases iron and alumina in solution and results in a 
depression of crop. 

Soils which are fundamentally different naturally liaxc different 
tyjjes of acidity in ivhich one or the other of the factors inentioncil 
above predominates. All ty[)es of acidity, honever, are the same 
in that they are alleviated ivholly or in })art by lime. 
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Tlio position is si III 11 lied up ns follows Iw Hoanlniid ( 4 ) : — 

“ 111 jK^rliajis the ninjority of cases the inliiliition of cro]) 
oronth ri'(*<|ii(‘utlv :isso(‘iated with acid soils may mit h(* the direct 
elfei't of (lie acidity at alh fn ( 4 her factors, such as soluble 
aluminium, mav lie found (he true direct cause of the injury. It 
is <4Tauted that these causes may be I'cmovi^d by exactly (lie same 
treatnient w]ii( 4 i iKaitraliscs rla- a(‘idit\', but in the iiiterot of 
scientific jiroiiTcss it is (‘ssciitial to se]>araTe and desiii’uate tlie 
\'arious i’actors aiel flaar ii ltd-- relations. 

Is it not possible that the ^\ hole* subject ^^■oll!fl l)ecome 
clarified if W(‘ a(tempt(‘d to r(‘at:li such delinlte eoiielu'ions as : 
‘Tlie liTowth of th(^ ciajp is iiiliibited b\' too ^'I'eat coneeiitration 
of lu'droc'cn ion. or by too larm* a conceiiTratiou of alumininm ion. 
or bv too low a hand of eahaiiin in tin* soil solution, or by the 
effeet of tlie livdi'otivn ion coiieentration on tlie soil inicro-orii'anism, 
etc ’ P '' 

Bcfoi'i' ]>roeeedinu' tf) discus- the \'arious mcTlajds employed 
in estimatin^u’ ^<»il iicidity and tlieii* ap])li(;ability To tlic soils of 
North- Hast India, it is ncccssar\' to n'ive a brief a('('omiT ol rlie 
n'Coloit'v and meteorohiuA' ol the (listriet {or these t actors are of 
fnn<l:im(Mital im]K>rtan(X‘. 

The Tea Disthtcts oe Xoipni-EAST Txdta. 

T]u‘ area iimler tea in Xortli-East lielia may be rouii'hly 
dividnl into four districts 

(i) Dnrjoelvuj Hill Di<tru:t. — The hill distrii'ts of Darjeeling' 
are situat<‘d in (he lower ranc'(><; of the lliinalavas ■wlicro tea is 
nrown on tin* liills fnmi an elevation of A,()ni) f(>ct down to a level, 
in the deejK’r valliA s. lait Iittl(‘ aho\'e tliat of the plains of Reimal. 
In this distri(‘t, suhjiH*! to c-rcat fincfuatioiis of tem]>eratiire and 
rainfall, tlie soil is diM’ivoi from o^neiss nx'ks or as one more nearly 
a])proac!ies the outer liiu' of hills from sandstone or the shale rocks 
of the Dalinii’ clay series. 

(ii) The Doom's ond I'eroL — This includes the ux^utly sloping- 
land that extends from the foot o£ the outer ranges of the 
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Himalayas to the plains of Bengal proper. This area, known 
as tlie Bengal Terai and Dooars, extends across the whole of 
the Northern boundary of Bengal from Ne]>al on the West, to 
Assam on the East. It is a narrow bolt not exceeding 20 miles in 
width. It is characterised by high rainfall, a])proximating 200 inches 
during the wet season of the year, June to September, and by an 
almost entire absence of rain during the remaining montlis of the 
rear. During tlie hot, dry weather immediately preceding the wet 
season the temperature is high and continues high throughout the 
wet period. Tlic soil in this district cnn be divided into two distinct 
kinds, which can best ])e referred to as old and nc^v alluvium. 

The old alluvium or, as it is generally termed, Bed Bank soil 
which is high plateau land in tlie West Central Dooars, is of a red 
colour and is characterised hy a liigh ])ercpntage of clay and usually 
of coarse sand. It is a very fertile soil, but under cultivation 
readily loses its initial fertility not from tln^ loss of plant food 
material but l>ecausc tlie pLmt seems to be incajiable of making use 
of it. The acidity of tliese soils, as determined by the modified 
Albert method is high, tlie maximum being about 5,000. 

The ne^v allindum wliich is a recent soil and has licen dejiosited 
by the rivers from the Himalayas in their soutlnvard journey to 
the sea is of a sandv or silty nature, of a grey or yello^v colour 
and is situated at a lower level than tlie old alluvimn. These soils 
vary much in their com])Osition, some being rich in ])lant food 
whilst others are comparatively poor. They are sul ejected t<j flic 
same climatic conditions as the Bed Bank, but although the weather- 
ing process has not proceeded so far, they are, ]lo^vever, like the 
Bed Bank soils generally ]>nor in lime. Tim acidity as measured 
by the Albert method is iir^t so high as with the oHer soils, the 
maximum being about 4,000 and the average figure aliout 2,000 
wliilst a few soils of very recent deposition have an alkaline 
reaction. 

(iii) (iv) The Brahmaputra and Surma Valleys , — These 
areas are (hiscribed (.5) as follows : — 

The Brahmaputra Valley is at a considerably higher elevation 
above sca-lcvel than the Surma Valley, and the fall is consequently 
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gi’eater. The following are the heights above mean sea-level of 
the chief points (at the surface of the alluviinn) in tlie Brahma- 
putra Valley : — 




Feet. 



Feet. 

Sadiya 


440 

Buramukh, 

near Tezpur 

... 256 

Dibrugarh , , 

. 

340 

Gauliati 

... 163 

Sibsagar 

. 

310 

G(;alpara 


... 150 

“The V 

alley has tl)i 

IS, in 

a distance of about 450 

miles, a 

fall exceeding 

300 feet. In the Surma ^^llley, 

, on the othe 

r hand, 

the following 

are the heights : — 




►Silchar . . . 

... 37 

feet. 

1 Sylhet .. 


48 feet. 


Chhatiik 


... 41 feet. 


“In coMsequeucc of 

this 1 

greater fail, 

tlie rivers 

in the 

Brahmaputra 

\^dley tend 

to cut a^^'a}' their 

banks, while 

tliose in 


the Surma ^h^ik*y tend to raise them. The former is mo>t correct- 
ly described iis in great part a gigantic khadar^ or strath, within 
which the river oscilates to and fro, wliile the latter is a delta in 
the [)rocess of formatioii. Xearly the whole of tlie central portion 
of tJie Brahmaputra A alley consists of tine gi'e}'ish'w]nte sand, 
lightl}^ covered h\ a layer of clay. A^vay from the river the 
alluvium is more consolidated, and clay, due to the dec'omposition 
of the sand, predominates, Througliout this surface there are 
found here and there (as in the soiuheru [)orrioiis of the Sibsagar 
district, in the [)laiji of Ihshuatli, and in the ridge of Tezpur) more 
elevated tracts, winch seeui to reja'cscut a more ancient blkuigarj 
or older alluvium, the greater |>art of ^vhich has disajjjx^arcd. 
Such places tvhere the}' have Ixeii laid l)arc b\- the ri\'er are easily 
distinguishable, b}' their closer and lieavier texture and by their 
higlier colour, from the shifting grey sands of which the rest of 
the trough is composes I, and are often indiaitod b}' a name chosen 
for their peculiar feature (Kaiiga-mati, ‘'coloured earth,*' Ranga- 
gora, “coloured hmk ”). 

“lu the Surma Valley the process of deluiio formation 
(whether because depression of tlie sui’face has pi\xx?ededjD( 7 r/jy(Ws’ 2 /, 
with alluvial aaTetiou, or beoiuse the (lejTOsitioii of silt is slower 
and less copious than in the central jKutioii of the Gangctic delta) 
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is less ildvanced rJiau jinywhere else iu tlie great alluvial plain. 
As already explained, the river banks are almost the only high 
land (ah\'a}s, of course, excepting the and hill ranges) in 
the valley, and behind them lie great basins, or /w?/rs, which are 
deeply covered witli water lialf the year. In the Hood season the 
rivers drain into these haurs and there deposit their silt, the water 
emerging wlien tlie river falls perfectly (‘lear. Idiis j>rocess results 
in a very noticeable raising of the le\'el of these basins ; the Oliatla 
haio\ great depression in South Cachar, which receives the 
tiooils of the Barak, is said to have risen 18 inches in the ten years 
ending 188:^-8d, and almost another foot during the last decjide ; 
the extensive Hakaluki kaur in South Sylhet, Avhich receives tlie 
Langai, is likewise steadily diminishing in depth. One remarkalde 
event iu the lii story of W’estern Sylliet was the diversion of the 
Brahmaputra, avIucIi, till the commencement of the last ceutiug’, 
Howed etist of Mymeasiiigh, and of the great tract of old raised 
alluvium called the Madlmpiir Jungle, into a new course far to the 
west. Previously to this diversion, which has now brought the 
Brahmaputra, as a delta-forming agency, into direct coni|Kditiou with 
the Ganges, the fonuer river thre^v the greater i)ortion of its lighter 
silt into the bheels of est Sylhet, and tlnis co-operate<l in raisiurr 
the region. Now tlie Surma Valley dej^iends for its aaretioiis oii 
the pureh raiii-fed Hoods of tlie minor rix'ers which traverse it, 
and which are, of course, far Inferior as silt-bearers to the great 
glacier-fed streams tliat drain rlie mighty chain of tlie iiimabn'as.'’ 

[he acidities in tlie Brahmaputra \ alley vary with the heavi- 
ness of the soil The Tezpnr Bed Bank and the parts higher up 
the \ alley (r, <j, Xumaligarli) where tlic older alluvium crops out 
show \alues up to 4,000, IjiiC the general tendency is for the acidity 
to lie in the neighb(jurhood of 1,000 for the liglit soils met witJi iu 
this vallc}'. Howe\XT, variation occurs with riiiufall as is mcutiimed 
on page 130. 

The [xjat soils of the .Surma Valhiy show iieidities of about 
4,b0t), Init m the discussion wliich follows these cases are not consi- 
dered, for tlie acidity is of an organic tv|ie and not coni])aral)la 
with that geuerallj' met in other parts under consideration. 
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The soils in both Valleys are, by English staudarJs, poor. 
Here again the peat soils are not incliidcd 

The question inay be asked — What is a tc.t soil ? Tea 
does not need a rich soil, altliougli naturally it flourishes better in 
a rich than a poor soil, but it is unablti to grou' luxurkuitlv and 
with little attention unless tliere is a grjod rainfall in Marcli, April 
and May. It is unjiblo to nitbstiuid the drouglit experienced 
generally in North-West Indiii. 

Along the slopes of the Hinraku as and in the Surma Valiev, 
the country is open to the breezes froni the Ba\' of Bengal and tlie 
rainfall is satisfactory. In the Brain najmtra \"alley the rain is 
eitlicr brought b}' u’ay of Dhu)>ri rouial tiie flaro Hills (»r In' wav 
of the Jetiiiga A alley. In tlie foriner cast- nio>r <.if the prod pitat ion 
hikes place oil tlie nortli bank of the liiver. iu tlie latter ca-e 
the fall ilecTcases as the valley is Jiseended, but the intiueuee of the 
former u ind increases. Tlie net re>iilt is an iuerease in rainfall 
from Golagliat to Dlbrugarli. Immediately iu tlio shadow of the 
Slihlong plateau the rainfall is ^'ely low and on the Lanka plain it 
is no more tliaii 30 inelies. At Golaghat the fall is GO inches and 
below this tea will not grow liLxiiriantly, 


Soil Acidity Methods. 

Soil acidity metliods fall rouglily Into t^vo groups — one Hi of 
methods measuring the strength or inteusity of the acid and the 
other set measuring the (juantit}' of the acid. 

The strength of the acid is usually inoasurLxl by Sorenseii’s 
method (6) ^vhicll gL\'es the Pii value for soil solutiou. Bice and 
Osugi (7) inensuve the rate of iuversioii of caiie sugar. After the 
soil has been neutralised tlie inversion eoutiuucs and this is ex- 
plained by the authors as being due to acidity bound up with the 
solid p]ias(‘, wliich acidity is not measured b}' otlier metliod-. 

Another method which claims to moasun' hydrogeii-lou is 
tliat depending on the lil>oratioii of iodine from a mixture of 
potassium ioilide aiitl io^late. 
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These metlicxls do not agree among tlieinselves, neither do 
they correspond ivith the amount of calcium bicarbonate necessary 
to neutralise the soil as has been shown by Iloaglandaud Sharp (8). 

The methods which aim at determining the lime requirement 
of soils are distinctly iii advance of those mentioned, for the term 
‘Mime requirement” takes a much broader vie^v of tlie problem and 
does not amit of the narrow sense implied by the term “acidity.” 

The method of Veitch (9) is most used in America and con- 
sists in the treatment of soils Avith calcium liydroxide till the reac- 
tion is just neutial. By this process any liA’drogen ioii ^vill l)e re- 
moved, part of the lime will be exchanged for i)otash, soda, mag- 
nesia, alumina and iron and part Avill be holly absorbed. The 
method is very drastic and \ aries Avith the strength of base used. 
In addition the process is some av hat tedious. On this account it 
Avas modified by Albert and later by Lyon and Bizzel (10). The 
api^lication of tliis method to soils of North-East Lalia is discusswl 
fully beloAv. Truog (11) apjxirently recognising tlie sever it}' of 
Veitch’s method employed barytii for one minute (luring wliicli 
joeriod he claimed to measure tlie active acidit}'. Tacke (12) uses 
pure calcium airbonate and Meintire (13) (iilcium bicarbonate. 

ith all these methods, tlie lime requirement fails to denote 
what is actually needed in tlie field. Tliey are all so drastic that 
the particular factor Avhich they aim at estimating is masked by the 
number of latent factors Avhich are brought out. ^^hth the soils 
of North-East India experienc-e exteJidiug oaxt many A cai's and 
iiumh'ing thousands of acidity esti minions by the modified Albert 
method has shoAvn that practically the .same lime treatment docs 
for a soil sliOAviug a lime requirement of 1,000 as for one showing 
2,000. On the Bed Bank AAdiere the lime rcquireimmt reachcB 4,000 
parts per million, tlie addition of lime in excess of 800 lbs. per acre 
(about 2o0 pirts per mi Hi on) led to a distinct depression in eroj>. 
Tlius the lime re(|uircment figure tells little more than could be 
gathered from the litmus test. 

Hopkins (14) treating the soil Avith jxitassium nitrate and 
Jones (15) using calcium acetate estimated the lime requirement 



CAKPENTER ANP HARPER. 


129 


by acting on the acid silicates in 

the soil and replacing the weak 

bases by tlie strong bases potash and lime respectively. The salts 
formed being composed of a\ eak bases and a strong acid are titrated 

with standard alkali. 


Stcqheasou (Ki) compares 

the carious methods and comes to 

the conclusion that Tacke’s mctliofl is the best for the soils he 

examines. The comparative re. 

<ults are sIioavii under : — 

Tackc 

... 100 

Meintire 

8.5*4 

Yeitch 

... 108 

Truog 

... 283 

Jones 

... 89*7 

H(>]>kins 

... ... 46*5 


B\' coni])aring tlie first four figures it is seen ho^v much tlie 
lime re(|uiremeut varies arxordiiig to tlie method used. Chemically 
these metlKxls arc very iiiuch alike. The varuUiou between the 
values 0*1 veil h\ tlie llopkius and Jones methods are also due partly 
to differene(‘s in concentration of the reacting solutions. By adjust- 
ment, tliese iiietliCMls can ])e made to fit tlie lime requhements of the 
soils of any area. 

None of these methods give satisfactory results with the soils 
of Nortlv-East India. The estimation of the h^vlrogeu-iou is iuade- 
(piate for the soils under consideratio]i are not truly acid although 
they require lime or some treatment which gives the ccpihalent 
action of lime so far as the soil solution is concerned. Any acid 
arising from the organic matter would l^c extremely small. 


The SiGXUiCAXCE ov the Alrekt axd Horiaxs methops with 
THE SoiES OF North-East India. 

Meii’gitt (17J in his study of the add soils of Assam employed 
the Veitch niethal and from field experience found that the lime 
reipiirement ^^';ls about oue-tiiird tliat denottxl by the inetliCKh 

The Scientific Dejiartnuait of the Indian Tea Assodatiou has 
during the ]>ast 10 years enq loved the Albert method which as 
modified by Lyon and Bazzel gives the same results as tlie ^ eitch 
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method. Although it is realised tliat the results given by the 
modified Albert nietliod do not me^asure tlie cause of the acidity of 
the soils under consideration, experience of the various districts makes 
it possible to fix the lime requirement from the figure obtainal. 

The method used involves the digestion of the soil for one 
hour on a water Ixith with Is720 Ba(OH)^,. An excess of ammo- 
nium chloride is added and tlie ammonia liberated is a measure of 
tlie unabsorbed base. A blank experiment witliout the addition of 
baryha is also made. Now if ammonium chloride alone is boiled 
with water, some ammonia is liberated but when boiled with the 
soil still more is liberated, so a constant blank cannot be taken. 
The blank Increases with the heaviness of the soil. It is unlikely 
that this extra ammonia comes from soil itself for distillation alone 
or with another chloride (e.g, sodium chloride) fails to liberate 
any ammonia. The action of ammonium chloride on the soils 
under consideration is a complicated one, involving as Carpenter 
and Harler (18) have shown the liberation of iron, alumina, lime, 
magnesia and potash in about equivalent quantity to the amount 
of base fixed in the case of light soils although with heavier soils 
an appreciable quantity of the whole ammonium chloride molecule 
is fixed. These reactions will not involve the liberatioti of 
ammonia, which is essentially the reaction of a base. 

Under the conditions of the experiment ammonia equivalent 
to IT cc. j'qNH 3 is liberated from NH^Cl alone. With Tocklai 
soil — a light sandy loam — 6*5cc. are envolved. The acidity is 
calculated as follows and the values for the Tocklai example are 
given ; — 

Soil + baryta + NH^C1-49'35 evolved. 

Soil^NH^Cl - 6*05 cc. ,, j, 

Baryta alone - 50 cc. „ „ 

Acidity « {50- (49-35- 6*05)} x 112 = 750. 

Thus it is seen that the greater the blank, the greater the 
acidity, and in most cfises the greater part of ammonia liberated in 
the blank is due to the soil itself and is a measure of basicity. 
Hence it is incorrect to add this quantity to the acidity. 
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The tiiblc Ix'low shows the acidity of the borblietta plots, re- 
ferred to several times later and described on page 136, calculated 
both with the actual blank and with a constant blank equivalent to 
to T1 cc. Ammonia : — 

Table L 


' 

Soil. 

Acklitj calculated with 

Acidity calculated with 

actual blank. 

constant blank. 

Borbhetta Check 

1,042 

77,3 

„ Lime 

1,064 

694 

,, Small KNO, ... 

1,288 

705 

„ K,80, 

„ „ Super 

918 

593 

958 

627 

„ Big KNO, ... 

924 

450 

„ , 

1,103 

722 

,, ,, Super 

' 1,176 

700 


By comparing these figures with those given in Table III it 
will be seen that by using this constant Idank, values much nearer 
agreement with the Hopkins values are obtained. 


A study of other cases, connected with the agreement between 
the Hopkins and the modified All?crt method is interesting. Thus 
in the case of Tocklai soil quoted above tlie use of the constant 
blank gives an acidity of 196 while the Hopkins method gives a 
value of 190. 


In other cases, Iioivever, where the soil is decidedh* jwid the 
Albert modified and Hopkins methods gave : — 


Soil. 

j Albert method. 

Hopkins method. 

Borbhetta Check Plot 

i 

773 ! 

1 862 

Tokbii Check Lime ... 

i 963 

1 flIO 

Bionakandy peat soil 

2,296 

1,694 


By considering the actual blank given bv the soil itself, the 
discrepancy is still greater. 


Duplication of results by the All)ert method is \Trv difficult 
aiKl in this rosjK'ct the Hopkins method is preferable. 

As an indication of some of the factors involved in the modi- 
fied Albert method the following table offers many suggestions. 
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Although ill the acidity determination baryta is used the action 
witli lime sho’wn beloiv is probably similar for caustic soda, lime 
and barjta all give the same acidity results : — 


Table II. 

Showing (he Fixation of‘ CaO from Ca(0}{),^ and Liberation of 
Bases per 100 grams soil 



Borbhetta Soil. 

Gutoonga Soil, 

Nuroaligarh Soil. 

Lime water gras. CaO per litre. 

1-205 

1-209 

1-229 

SiO^ 

0 010 gms. 

0 020 gras. 

0-017 gras. 

Al,0, 

0-027 „ 

0-023 „ 

0018 „ 

Fe.O, 

nil. 

nil. 

nil,. 

CaO ' 

1-035 ,, 

1-OfiO „ 

M37 „ 

MgO ... : 

0-33 „ 

0-0038 „ 

0-0015 „ 

K,0 

0-002 , 

0006 „ 

j 0-004 „ 

Lime requirement calculated 1 

4,015 

4,119 

' 4,269 

on titration. / I 



Lime requirement calculated ) 
on lime fixed j 

1,700 

1,490 

1 830 

Lime requirement by modified ) 1 

Albert method / 

1,042 

560 j 

j 

1,344 


It will be noticed tlait sodium was not estimated. 

The amount of alumina |iassing into solution is astonishing 
for calcium aluminate is ])articularly ins(dulde. Alumina may 
pass into solution as a silicate rcmlered soluble through the brcjikiug 
u]) of some complex or by the action of an acid body such as 
HNO 3 on A 1(011).. Elaborate precautions were taken to ex- 
clude airlxm dioxide from the experiment, so the loss of alkaline 
lime is due not to the formation of insoluble carbonate ljut to the 
presence of acid bodies. 

The discrepancy between the lime requirement calculated on 
the lime fixed and as estimated by the modified AlWt metliod is 
due to different conditions. Although in both cases alkaline 
solutions of approximately the same strength are used, the ratio 
solution to soil is 10/1 in the former and 4/1 in the latter case. 

The lack of co-ordination between the acidities calculated from 
different sources with different soils is due to fundamental differences 
in the chemical constitution of the various samples studied. 
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All evidence resultin^^ from our work poiiitB to alumina as 
being the cause of soil acidity in North -J^]ast India, and althougli it is 
desirable to interpret, if possildo, tlic meaning of the acirlity \'aliies 
given by the Allx^rt metlujd for our soils, since so man}- results have 
been accumulated, it is, ho^^ever, more desira))le to estimate directly 
if possible the cause of tlie troulde. Most soil methods are too 
drastic in that they estimate tlie jjotcaitial acidity capalde of realisa- 
tion after an indefinite period. The Hijpkins method is shuilarly 
too drastic but not so drastic as tlie modified Albert inetliod. A 
comparison of the two methods is given below ; — 

Borbhetta soil ... Albert ... 1,042 

„ „ ... Hopkins ... 860 

By exjXTience it was found tliat 200 parts jkt million gave 
the best results. 

What tlie Hopkins method actually estimates is an im]iortant 
question. As Hopkins states, it is a measure of tlie acid silk-ates 
but it is also a measure of tlie easily exchangeable alumina which, 
in soils undergoing laterisathui, is present chiefiy as a liydrared 
oxide. 

Below is a talile si lowing tlie relationship between tlie acidity 
by this methol and the quantity of alumina liberated ; — 

Table III. 



Soil. 


Mgms, Al,,Oj 
pur 

100 gms, soil. 

Lime 

requiremeut. 

Borbhetta Check ... 


30 

862 


Lime 


19 

350 


Small KNO, 


18 

45y 


„ K,SO^ 


20 

582 

)» 

Super 


11 

391 


Big KNO, 


16 

1 311 


„ K^SO, 


IG 1 

454 

)) 

„ Super 


10 i 

1 378 


Magueeia 


23 

754 

n 

CaOf (NHJ,^S0, ... 


IG 

' 577 

Kharikalia 


_1J 

! 4 

i 190 


It is at once seen that tlie two ijuantitles are not in agroemeur. 
Kulglit (19) has observed that the lilxu’ated alumina is iiisiillicient 
to account for the acidity developed, 
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The action of ix)tasyium nitrate on the decomposable alumi- 
nium compounds in the soil may Ije represented by the equation. 

AIX .;} + 3 KNO 3 = A1 (NO 3 ) 3 4* 3 KX 
Where X represents a particular hydrated silicic or alumino- 
silicic acid. The aluminium nitrate is then partially hydrolysed 
as follows : — 

2 A1 (N03)3 + 3 H,0 = 2 A1 (0H)3 + 6 HNO 3 
It is possible that some of the alumina fails to pass through the 
filter paper. The titration of the extoct proceeds until not only 
the free nitric acid but that originally in combination with the 
alumina is neutralised. This may be represented as follo'ws : — 

A1 (N 03 ) 3+3 NaOH = Al (OH), +3 NaNO, 

In this case 1 part NaOII = 0'42 [)art ALA).^. The table 
below shows the alumina found in the extract and the acidity of 
the exti’act. It will be noted that the alumina found does not 
account for the whole of tlie iuldity develo|>odj tliat is, supposim*’ 
that the equations above rej)resent ndiat is rcall}' hap])eniMg. 

Table IV. 


Soil. 

Mgms. A1.A, 
per 100 gms. 
soil, 

j Mgma. NaOll to 
j neut. acidity per 
100 gms. soil. 

Mgr. Aqo, 
equivalent to 
NaOH used. 

Borbhetta Check 

30 

40 

52 

ij 

Lime 

Ui 

20 

21 


Small KNO, 

lb 

26 

28 

!> 

„ K,SO, 

20 

,33 

35 

!? 

„ Supgr 

11 

19 

20 


Big KNO, 

16 

18 

19 

,, 

„ K,SO. 

16 

26 

28 

!» 

„ Super 

10 

22 

27 

n 

Magtesii ... 

23 

43 

46 

I) 

CaOf(NflJ,^SO, 

16 

33 

35 

Kharikatia Soil 

4 

9 

10 
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Knight ( 19 ) has also shown that normal KCl, KXO3, 
NaNO.,, NaCl and CaCl, give tlie same acidity results by the 
Hopkins method. However it has Ixjen noticed that Borbhetta 
soil gives a result of 610 witli X/1 K2SO4 compared with 872 
and 862 with N/1 KCl and KXO^ resixctivety. In all three cases 
the quantity of alumina liberated was different with Binnakandy 
— a peat soil — with quite a different t3q)c of acidity a great varia- 
tion is observed. The results are sho^vu below : — 

Table V. 


Soil. 

1 Solution employed. 

Acidity. 

Mgme. AIjOj 
liberated. 

( 

N,1 K,SO, 

GIG 

12 

Borbhetta ... ... 1 

N/1 KCl 

876 

24 

1 

n;i k.no. 

8G2 1 

30 

f 

N 1 K.SO, 

! 2,527 1 

61 

Binoakundy .. ... ^ 

[ 

N 1 KCl 

1 2.027 

52 

N 1 KNO^ 

! 1,694 i 

138 

With tlie Binnakandy 

samjile much i 

ron was lilxrated along 


with the alumina, esjxicially witli tlie KXO^ experiment, and lx)th 
bases were \veiglie<l togetlicr. 

This side of the question is Ixang further investigatal. 

Ex|)eriinents are lx*iug carrie<l out to determine the exact 
content of the extract from these soils and tliis sliould do much 
to clear up the question. In the meantime the Hopkins method is 
acceptal as the one most capable of the well -known metlials of 
expressing soil acidity in Xortli-East India. 

The results given by alkaline soils by tlie modifial Allxrt 
and the llo])kins methods arc interesting. Witli the Ahxrt methcKl 
the blank is naturally very gi’oat but the soil even when it is 
strongly alkaline and has receivai as much as 16,000 lbs. lime |xr 
acre is still capable of fixing baryte so that the net result is an 
acidity. The alkalinitv of the check plot — best jxrhaps described 
as basicit}' — as shown by the Albert method is obteineii from tlie 
blank exjierimeut and is a measure of the ammonia libera teil by the 
soil from ammonium chloride. 
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With the Hopkins method, the nlkaliuities represent the result 
of the reaction : — 

2 KN 03 + CaC 03 =K 2 C 03 -|-Ca (NO^), 
which will not proceed far. The values are shown below in Table 
VI 


Table VI. 

At Tochlai^ plots received different quantities lime and limestone 
and gave the following acidities and alkalinities after an 
interval of 5 years. 





Lime 

Hopkins method. 

Albert method. 


Pint. 

added 



j M^ms. 






parts per 
million^ 

Acidity. 

Alka- 

linity. 

A 1,.03 
■ per 100 

Acidity. 

Alka- 

linity. 




i 



gms. soil. 



Check 




812 

1 

29 

1,254 

146 

4,000 

lbs. 

lime a tone 

750 

47 


4 

900 1 

400 

12,000 


» 

2,240 

■ 20 


2 

680 

1 650 

24,000 

M 

4,480 


i 21 

trace 

640 

1,220 

32,000 

fl 

n 

1 5,970 


1 

1 M 

1 750 

2,800 

8,000 

n 

lime 

•2,670 


14 


720 

1,400 

16,000 

tl 

i> 

’ 5,330 


70 


' 720 

' 4,400 


• Calculated on top 9" 8oiI=3, 000,000 lbs. 


Acidity, Alumina and Fertility. 

Alumina as the aluminium ion has l)een shoMUi to toxic to 
tea (18). Leguminosae grow badly in Assam, but with liming 
they grow well as has been shown by Meggitt (17). 

At Borbhctta a series of exjxiriinents M-ere carried out by 
Andrews (20), Cooper (21) and Wiles (22) in order to observe 
the effects of different manures. The ground at Borbhetta is old 
grazing land which turns very badly and for the first few yetirs is 
extremely infertile. The plots were first limed and three weeks later 
the other manures were added. Since 1918 no further manuring 
has been carried out. The crop was a six-week oue-CoM|)eas (Vigna 
Catiang), The season 1921 was so bad for green crops that 
nine weeks elapsed before the crop was sufficiently advanced for 
gathering. 
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The Table below shows the {)erceutage increase over the 
check plots : — 

Table YII, 


Showiwj the effect of Manures on Cowpeas Crop at Borhhetia 
manured in 1918, 

Figures show increase per cent, over Check This, 



Increase percent over check plots. 

Manuriog. 

1918. 

1 

1919. 

1920. ; 

1921. 

Lime only (equivalent to 800 lbs. slaked lime) 

-14 

44 

105 

1,100 

Lime (equiv. to 800 lbs. slaked lime) 1 

Sulphate of aramouia 150 lbs, j " 

9 

62 

no 

1,466 

Carbonate of magnesia 900 lbs. ) 

Sulphate of ammonia 150 lbs. J 

18 

71 

95 

1 

726 

Lime (equiv. to 800 lbs. slaked limo) | 

Nitrate of potasli 50 lbs. J 

-5 

57 

1 

109 

1,230 

Lime (equiv. to 800 lbs. slaked lime) \ 

Sulphate of ammonia 150 lbs. V ... 

Sulphate of potash 75 Ibfc J 

14 

j 

100 ' 

140 

1,353 

Lime (equiv. to 800 lbs. slaked lime) 1 

Sulphate of ammonia 150 lbs. > ... 

Superphosphate 150 lbs. J 

49 

81 

153 

1,053 

Lime (equiv. to 800 lbs. slaked lime) | 

NITRATE OF POTASH 2,500 Iba. J 

-7 

210 

219 

1,917 

Lime (equiv. to 800 lbs. slaked lime) 

Sulphate of ammonia 150 lbs. > ... 

SULPHATE OF POTASH 8,000 Ibe. ) 

1 -85 

121 

266 

2,105 

Lime (equiv. to 800 lbs. slaked lime) 1 

Sulphate of ammonia 150 lbs. > ... 

SUPEKPHOSPHATE 8,200 lbs. ) 

41 

224 

267 

1,804 


It is easy to interpret these results if the theory of toxic 
alumina ijo acx^epted. The outstanding crops are given by the big 
]X)tassium uitrute and sulphate and the big superphosphate appli- 
a^tiou. The preliniiiiary depression shown by potash should be 
notical. Sui>orj)hosphato, no doubt, fixes the alumina and the 
extra heavy dose does no more in the first year than the light 
dose. In the following years, however, it goes ahead and its value, 
not only as a remover of toxins but as a food, is felt. Both the 
potash additions render the alumina soluble and it is then leached 
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out This is in accordance with the exjierience of Mirasol (23). 
During the period preceding the leaching out of the aluminum 
salt, hoAvever, a depression is felt. 

After three years the effect of lime is seen to be relatively as 
gi’eat as most of the other manures. Here precipitation of alumina 
as calcium aluminate and perhaps partly iis the hydroxide has been 
brought about. The preliminary depression often observed in 
North-East India, especiall}^ with clay soils, is, we believe, due to 
liberation of small quantities of alumina. 

The extraordinary increase over the check plot In 19^1 Is due 
partly to weather conditions. Throughout the growing j^eriod 
the soil was extremely wet and the moisture content stayed in the 
neighbourhood of 20% whereas the optimum is about 14^. 
This merely illustrates the theory whicli is being developed. 

Now ff a soil acidit}^ method is to be of mucli use it should 
give a measure of soil fertility, but since acidity is only a factor, 
although an important one, in soil fertility there will of course not 
be absolute agreement between the two. 

Taking the crop values in Table VII above as a measure of 
fertility it is instructive to compare the acidities (estimated in 1921) 
as given by the modified Albert and the Hopkins methods. 

Table VIIL 

Showing the Acidities of the Cowpeas Plots at Borbhetla estimated 


by the Ho;pldns and Albert Methods, 


i 

PJota. 

Hopkins, 

Albert. 

Borbhetta Check 

862 

1,042 

„ Magnesia 

754 

„ Liiiie & (NH , 

.577 


„ Lhtia 

3.50 

1,084 

„ Small KNO, ... ... 

459 

1,288 

» TJ ■“ 

582 

918 

„ Super ... 

591 

958 

n 13if?KN0, ... 

311 i 

924 

„ „ K,SO, 

454 

1,103 

„ „ Super ... 

378 

1,176 


The superiority of the Hopkins methcxl as a measure of 
fertilit}' in North-East India is clearly demonstrated. 
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The question of alumina after it has been rendered non-toxic 
is one of great economic irapoidance. AVith potash it is removed 
from! the soils as has been shown by Mirasol (23) who claims that 
in some cases 59 ^ of the alumina is leached out. AVith suj^er- 
phos])hate and lime, liowever, the alumina remains and the further 
addition of strong acids may lilxirate it as itii disastrous effect on the 
crop. Reference to Table III, Iiosvever, slioss^s that in tlie case of 
su|)erplio.sphate it is very firmh' fixed and reference to Table A^I 
shows tliat lime is similarly fixed. Ordinary manurial treatment 
a])pears to be unlikely to liberate alumina so locked up. 

Soil acidity in Assam increases Avith the rainfall. Thus in the 
Doom Dooma district at the head of the Bralimaputra A^alley where 
the rainfall is 112 inches the lime requirement (Albert) for light 
soils is 2,000 to 2,500. LoAver doAvn tlie A^alley at Sibsagar Avhere 
the raitifall is 90 inches, the acidity for similar soils is 1,500 to 
2,000. Still further doAvii at Jorliat Avhere the rainfall is 80 inches 
the acidity varies from 1,000 to 1,500. The higher rainfall leads 
to a pfreater deerree of hvdration of alumina in its various forms 
and to a greater ease of solution. 

Drainage also affects acklity and hence fertility although no 
specific figures are at hand AVhite (24) may be quoted. His 
exj:K3rience sIioavs that the lime requirement is greater in ba<lly than 
in AveU-drained soils. 

The effect of cultivation on soil acidity is Arell markai all over 
the tea districts. Twenty years of incorrect cultivation not only 
increases the soluble iron and alumina but forms a pan, above the 
water level, rich in alumina and iron. Alai in (25) gi\-es many 
instiinces of increases in iron and alumina in soils after ciiitwation 
and also of increases in tlic sub-soil. In virgin soil under jungle or 
grass the tilth Avill jx'rftx't and aii}' decrease in alumina in tlie 
soil after cultivation Avill probabh' be due to improved drainage. 

The cycle appears to go thus — 
lack of lime and magnesia in soil 

^ Soil aciditj-. 

incorrect cultivation | 

bad drainage J Alumina. 


lufertilitv. 
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The methods for overcomiag this infertility are indicated by 
the Borbhetta experiments detailed above. The acid manure, 
superphosphate, lias the greatest effect and here ^ye may refer to 
the exjierience of Hartwell .ind Peinber (26) who noticed that 
“acid” had the same effect on barley as on oats, but acid soil 
extracts ^vhicll were afterwards shown to conhiiu «aluniiua affectal 
them differently, Tlie effect of the free suljhuric acid in super- 
phosphate would partly 1x3 to bring into solution alumina as sul- 
phate which would be fixed as phosphate. 

It has also been obsen^ed (27) that Lucerne will not grow in 
clay soils and it has been sugg^ested that roots are unable to pene- 
trate a stiff soil. It is mucli more likely that such a plant finds the 
percentage of soluble alumina too gi’eat in such a medium. 

Much of the blight suffered by tea is made possible by the soil 
acidity of Xorth-East India. Andrews (28) has noticed that on 
light soils |X)hish manures free the tea bush from mosquito blight 
{HelopelUs The Ivor a). On clay soils, however, the effect is cither 
negligible or such that the blight is increased. In one case the 
alumina is easily leacheel out and in the other it remains for a long 
time to do harm to the bush. 

It should also 1x3 observed that in the tea districts, potassium 
nitrate has been almost wholly labandoned in favour of soflium 
nitrate as a nitrogenous manure, while calcium nitrate has been 
employed, but in nearly all aises with unsatisfactory results. The 
crop has often been depressed in the ye^ir of application of the 
manure. 

A detailed study of the soils of the Brahmaputra Valley shows 
that the process of laterisation is slowly taking place everywhere 
wdth a corresponding stiffening of the soil. The climatic conditions 
favour this process. As the soluble silica is removed from the iron 
and aluminum silicates, the oxides of these metals are left in forms 
more or less hydrated. The percentage of soluble iron and alumina 
thus forms a measure of the degree of laterisation. The Hopkins 
methal of measuring soil acidity also estimates the amount of 
weathering of a soil since it estimates the amount of easily soluble 
alumina. 
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Toxic Alumina. 

In concluBion, the question of the manner in which alumina is 
toxic may be considered, for tliis, togetlier with a method for 
determining soil acidity which is in the main due to alumina, 
indicates the future line of work. 

Truog (29) in a discursive article on the relation of soil acidity 
to the growth of plants comes to the conclusion that the main 
specific injury of soil acidity is that it prevents plants, especially 
those with high lime requirements and relatively ^veak feecling 
powers, from getting the liine from the soil at a sufficiently rapid 
rate to meet their needs. In tlie tea districts, however, tlie crop 
responds not only to lime but equalh^ well to other free )>ases. 
Alumina, resulting from a lack of strong bases in the soil, is un- 
doubtedly the cause of infertility. 

Gainey (30) has shown that azotoljater work test in alkaline 
soils and Bear (31) v orking on soils with iwidities up to 4,000 
(Veitch) came to the conclusion that plants able to utilize nitrogen 
as ammonki neal not suffer in acid soils with a lime requirement no 
higher than tliat mentioned. Plants dc|)endcnt on nitrate, liowever, 
will vsuffer. He also noted that acid phosphates aided the fixation 
of nitrogen and that small additions of lime were more effective 
than larger ones. 

These observations corres])oiul with field experience in Xortl> 
East India. 

Carpenter and Bose (32) ^vorkiug on iiitmte and ammonia 
formation in soils from Brahmaputra Valley have sIioavu that whilst 
the formation of nitrates is increased largely by the idditiou of 
lime to the soil, ammonia formation is practiexlly unchanged. 

All these facts point to the toxic action of alumina as teing 
not merely diratly on the plant but througli the soil micro-organisms 
It must however be rememberal that aluminium ion of concentra- 
tion 1 part jicr million of soil has been shown to be toxic to the 
tea plant (18). 
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Conclusions. 

1. Soil acidity in Nortli-East India is chiefly due to tlic 

presence of soluble ionic salts of aluminium the 
amount of wliicli is Lu'gely influenc'ed by the 
quantity of aluminium hydroxide present in 
the soil. 

2. The acidity of the soils under consideration is best 

determined by a method which estimates the amount 
of alumina capable of easily entering the soil 
solution. Such a method is tliat suggested by 
Hopkins. 

3. Lime requirement methods as at present employed are 

unsatisfactory for giving a true representation of the 
soil acidity. 

4. Acidity due to aluminium may be overcome l^y |X)taslq 

which removes it from the soil or by lime and suj)er- 
phosphate both of \\iucli fix it in the soil. 

5. The degree of chembd liydration of the soil colloids 

some of whicli are aluminium bodies affects soil 
acidit)\ In this manner rainfall, culti\-atiou and 
drainage all influence soil aciditr. 

Potential acidity IS largely measured ]>v the amount of 
easily soluble alumiiai. 

7. Acidity is a factor, of an inverse order, of soil fertility. 

8. Aluminium may be toxic by direct action on tiie plant 

or by its action on the micro-organisms in the 
soil or lx)th. 

d. Probably all t}q)es of acidity occur in acid soils to a 
lesser or greater degree. Tlie ty|>e of acidity con- 
nect&l with alinniuiuin hydroxide undon]>te(lly 
prevails in the tropics or where latcrisatiou of 
silicious aluminium minerals is taking place. 
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CULTIVATION AND WATER CONTENT OF SOILS. 
C. R. Hauler, b. sc., a.i.c. 


It iK generally recognised that the chief physical properties of 
a soil affecting plant growth are moisture, aeration, temperature, tex- 
ture and tilth. The moisture content is affected i)y drainage in the 
rainy season and by keeping a loose surface free from weeds in the 
dry season. Since the free air space in a soil is tliat space not 
occupied by water it follo^vs that aeration is dependent on moisture 
control. The factor most under control is tilth. 

After land has been beaten down b}' rain its volume weiglff 
Ib increased from the well tilled condition 
brought about through cultivation. This 
difference is strikingly seen vdien the height of an area which has 
been hoed or ploughed is compared Avith that of the laud -side. 
This loose condition is called tilth and results from the formation 
of complex crumbs between Avhich there are large air spaces. In 
nature tillage is kept by means of a netAvork of roots and the 
upper surface of tlie soil is protected from Ideating rain by a layer 
of fallen leaves. 

In order to understand the true men mug of tilth it is 
necessary to consider the ultimate mechanical constitutiou of the 
soil. The sand, silt and clay particles if they Avere all separate 
Avould form Avith many soils, especially the heavier ones, a solid 
mass Avith practically no free air space. Soils AN’hich have been in- 
correctly manured and cultivated get into this state and it is often 
a matter of great time and expense before the soil particles can be 
aggregated sufficienth' to form the crumb by Avliieh good tilth 
can be recognised. 

Experienced agriculturists can tell Avhen the soil is in the opti- 
mum condition for cultivation. The soil at 
tent** optimum Avater content contains just 

enough moisture to cover all the particles 
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and aggregates so that they tioat in a film o£ water which acts as a 
lubriftiut. At this stage the ^penetration of tlic soil is most easy 
lx)th for plant roots and for agricultural iin])lemeuts. As tlie soil 
becomes drier, the film of moisture on the jpartides becomes 
thinner and in place of cohesion we get a certain aiuouut of 
cementation taking place. Finally when the soil is ([iiite drv we 
get a hard mass which gives rise to solid chxls wlien culti\'ated. 

At the optimum pvatcr content the soil (Kvupics its greatest 
volume and as more water is added it sliriuks and in doing so offers 
a greater resistence to ])enctration. 

At the end of the rains when tlie toj) of the soil has been 

Wteu into a hard cake it is usual to put in 

ten;'«u“^ hoe and to leave a inuleli. Tliis 

loose layer of soil cuts off the real soil 

moisture from the air and so effe(“tivelv stops e^'aporatiou that 
even after a long drouglit tlie soil underneath is qtiite moist. 
Observations at Tocklai have shown that bv this method the 
moisture remains at about tlie n]itimum t'hruiigbout the dry 
season, for ordinary drainage is apjpareutlv only ca]>able of remov- 
ing water in excess of the optimum. 

If culti\attiou is carried on whilst tlu^ soil is wetter than the 
optimum the aggTegates are broken do\vu in a manner similar to 
that emplo} ed in brick making or in puddling the bottom of tank. 
If this goes on for some time tilth is destroyed and the cro]) suffers. 
After some years, tlie finer particles which liave been released from 
their aggregates are washed down to the water hible and an im- 
permeable pan forms which keej) tlic pvater from tiowing awav in 
tlie rains and prevents pvater from fn in rising in the dry season. 

Cultivation at the optlmmn water cmitent does not involve 
these compliaitions. 

The (piestioii may now be asked— How can tlie optimum 1)0 
. deterrainal? At Toc-klai, the soil has often 

mom. turned beautifully under the hoe but analysis 

has shown the state to be far above the 
optimum and undoubtedly tilth has been destroyal. A simple 
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field method boeu rlevised whereby the <i])tiinum may be 
determined. 

Tnke a piled-U]) double handful of soil lbs.) and place 

in a bottle of about o" diam. and depth. 

Methofl. . . 

A wide-montlied stoppered bottle whicli 
mav be ])urcl]ase<l in the bazaar is (jonvenient for tliis ])urpose. 

A fair average s'\m])le from just IxdoAv tlie inulrh to a dcptli 
(»f six inches should be sliakeu witli a rotary motion in the i.)ott]efor 
about 45 seconds or a minute. 

Tn collecting' the sam])le (are s]iou](l Ix^ takcai not to allow any 
drv lum])s of soil whicli (Xi'ur in the mulch to mixed A\ith the 
true, moist soil, otherwise these lui n])s are liable, in the shakiuLT, 
to Ijecome c'oatcd with a layer of moist soil and to resemble laiddled 
irlobules. 

The result of tliis shaking is to form the soil into balls varying 
in size aaxirding to the water content. Wlu'ii a soil is very Avet 
the Avhole mass of soil can be shaken into one ball. hen the s(.»il 
is far above the optimum tlu' sides of tlie Ixurk' l)ecanu“ smeared 
with a stick V mass which is <juitc distinct from the friable soil 
Avliich in a drier state sticks to the botth^ Soil at tlie optimum 
also forms into balls if it is shaken long enough, but these 
aggregates have not the sti(‘ky, Avet look nor the puttA'dike feel and 
adhesiveness Avhich (XX'urs Avith Avetter samples. 

After a few (‘X]K‘riments on the hues descrilxxl aliove the 
o])timum condition can l>c recognised by working the s(Ail on the 
p;dm of the hand. BoIoav are illustrations shoAving tlie result of 
shaking soils at different moisture e(nitoiits. A stage hetAveeu the 
optimum and 15*02 jier cent, moisture was obtained containing 
1 4*44 per cent, moisture, hut the iiluAtograjili faihxl to distinguish 
itfroin the ]5*92 \yor cent and 13*G5 per cent, samples. 

Go(xl eiiltiA’athm dfX's not neetssarily mean much culrivation. 

At Toeklai the soil is analysed vvqvv dav 

Good Pull iva( ion. , i i * • * i * 

for moisture eonteut and the optimum value 
()£ the soil Iins been detorniincd by a«‘unite nu'thods. During' April 
of this year (1921) when 14 inches of rani fell on 22 days, tlic soil 
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was never in a fit state for eultivatioa. In May on six days only 
could cultivation be carried on. The whole of June was wet and 
thence onwards the optiinuiu state was only occasionally reached 
during the rains. At times grass and weeds became so thick that a 
hoe had to be put in but the gain was doubtful. A better process 
is to fork round the bushes. 

The history of cultivation in the tea gardens of North-East 
India throws an interesting light on some of the present day pro- 
blems of the tea planter. With the great influx of coolies about 
lo years ago a great increase in the number of rounds of hoeing 
followed. This in turn puslied up the crop, but some years later 
tlie effect of loss of tilth and pan formation l)ecame apparent in the 
susceptibility of the bush to blight atkick. Gardens which have 
always been short of labour and which in the rainy season have 
been forced to put every cooly ou to plucking and to abandon 
cultivation till the cold season have remained comparatively free 
from blight. 



Optimum 





A PRELIMINARY PEST CALENDAR FOR THE 
TEA DISTRICTS OF NORTH-EAST INDIA 


E. A. Andrews, b.a. 


Shikiir plays a great part in the lives of many tea planters, 
and one has often felt, while admiring the intimate aopiaint- 
ance of its devotees with the life history and habits of birds and 
animals which afford sport to the shikari, that if the same 
enthusiasm could be applied to the study of the insect pests of tea 
the enthusiast might possibly tecome as expert in insect control 
as in shikar. One of the first essentials for success in shikar is a 
thorough knowledge of wliat the bird or be;ist may be ex]>ected 
to do, and when it may be expected to do it. Simiiarlv, the 
control of insect jxjsts can only be carried out satisfactorily and 
economically by one who is in a position to antici[)atc the move- 
ments of the insects he proposes to deal ^vith. 

We pubhsh below a preliminary ])est calendar for the tea 
districts of North-East India, shoAving, month h\ mouth, tiie 
stages in which some of the principal pests of tea may be exjxx^ted 
to occur, which, we hope, will assist planters to aulicipate the 
movements of our insect foes, and thus place themselves at an 
advantage when control measures are necessary. 

This calendar is by no means complete, and will probably be 
found not altogether ac’curate. The dek^iled life histories of many 
of the pests of tea are not }-ct worked out, and where this has been 
done the extensive overlapping of successive generations a- cry often 
makes it difficult to decide wheu the maximum number of iudi\ i- 
duals exist in any particular stage. It has been compileil, however, 
after a careful comparison of the information afforded bj* breedmg 
notes made at Kauny Koory and Tocklai, by reports on tea pests 
which have issued from tlte department during the past ten years, 
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by the monthly entomologlciil reports received from tea gardens 
during the last hve 3^earSj and b}' a number of records of the 
occurrence of the pests rimuing into thousands, and every care 
lias b<>en token to make tlic oileudar as amirate as possible. 

Interested planters vill probabl}' note ai\y discrepancies \vhich 
they may observe, and record the same on their mouthlv entomo- 
logical report forms, which, witli tlie ol)servations continuall}' 
being recorded by the department, will render possible tlie publics 
atioa of corrected c^ilendars from time to time. 

The calendar has particular reference to the districts of uiiddk^ 
Assam. In Cachar and Sylhet dates may he a little earlier, in the 
Duars and Darjeeling a little later. 

A note on the control measures whicii arc of \'aluc against the 
different pests is given for each month, wlikh sliould increas(^ 
the value of the calendar. 

JANUARY. 

Crichts ... These insects are now present In the }oung 

stages, ami ma}' be damaging early 
nurseries or Iieavy [a-iiiu'd t(^a. 

Orange beetle ... To be seen in small numbers. 

Cockchafer (knmli Xow present in the soil as grubs. 
her a ). 

Wiremrni ... To Ije found iu the soil in nurseries, and 
generally noticed wlicn the kumli kera 
is l>eing looked for. 

Red slug ... Xow to Ix) found in tlie soil in the chrysalis 

stage. 

Faggot worms ... A large pro])ortioa of the faggots to be found 
in the tea at this time contain eggs which 
are now begimiiug to hatcii out. 

Red borer ... Tfie caterpillars of this pest are to he found 
inside the stems of the bushes. 

The tea- seed- like twoons of tliis pest are 
present in the soil among the tea bushes. 


Nettle grub 
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Gelatine grub ,,, The cocoons of this pest, which likcAvise bear 
a considerable resemblance to tea seeds, 
are to be found attached to the branches 
and twigs of the bushes, and occasionally 
in the soil 

Looper . . , This pest is now in the soil in the chrysalis 

form. 


Bark-eating borers 
Sandwich cater- 
pillar. 

Tea mosquito 
Green- fly 
Scale insects 


The caterpillars are now active in the tea. 

The j)est is now in the soil in chrysalis form. 

Present in very small uuml>ers in all stages. 
Present in small numters in all stages. 

These are to be found in the tea at most 
|X;riods of the year, but this is the best 
time to deal with them. 


Thrips , , . The common thrips is present in the soil in the 

pupal condition, the black thrips is in the 
pupal condition among the mosses and 
lichens and other rubbish in the bushes. 


Termites 
Red spider 


These insects are now acti\'e above ground. 
Plainly wintering in the egg or adult con- 
dition in corners and crevices on the 
bushes and in the ground. 


Control Measures. 

Forking, kurpying, and thullying keeps down termites, and 
enormous numbers of chrysalids of the atterpillar pests can 
be collected at the same time. Treatment of heavy pruned 
tea with sala washes, and of light prunal tea with strong lime- 
sulphur, is of immense value for scale insects, for removing moss 
and lichen, and with them thrips, destroying eggs of teji mosquito, 
and hibernating rai spider, and for interfering wdth hirk- eating 
borers. The burning or burying of pruuiugs destroys large 
numbers of most pests. Collection of faggot worms at this 
period results in the destruction of large numbers of eggs. 
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FEBRUARY. 


Crickets 

Are present in the young stages. 

Orange beetle , . . 

To be seen in small numbers. 

Cockchafer 

Present in the soil as grubs. 

JYireivorm 

Noticeable in the soil in nurseries. 

Bunch caterpillars 

Begin to appear. 

Red slug 

Present as chrysalids in the soil. Moths 
are beginning to emerge. 

Red borer 

Present in the tea shoots in the caterpillar 
stage. Almost full grown. 

Nettle grub 

Present in the soil in the chr}^salis stage. 

Gelatine grub 

Tea- seed-like cocoons to be found on the 
bushes and occasionally in the soil. 

Looper 

Present in the soil as chrysalides. 

Bark-eating borers 

The caterpillars are at this time active in 
the tea. 

Sandwich cater- 

Caterpillars begin to emerge. Pupae still to 

pillar. 

be found in the soil. 

Tea mosquito 

Present in very small numbers in all stages. 

Green- fly 

Present in small numbers in all stages. 

Scale insects 

Those which affect the stems are still active. 

Co 

The common thrips is present in the soil in 
the pupal stage, while the black thrips 
is at the same stage and hidden in lichens 
and moss on the branches of the bushes. 

Termites 

Active above ground. 

Red spider 

Still hibernating. 

Control Measures. 


Kurpying, thullying, and forking, with collection of cocoons 
and chrysalids, should still proceed. Late pruned tea should be 
treated with soda washes if heavy pruned, or lime- sulphur if light 
pruned. Early pruned tea will receive a check if treated with soda 
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washes now, but litne-sulpliur may be safely used at twice the usual 
summer strength. This is the time to commence organised collec- 
tion of pests by means of pest gangs. Bunch caterpillar can be 
dealt with before it does much damage, sandwich caterpillars may 
be destroyed by crushing the “ sandwiches ” between the finger 
and thumb as recommended by Antram, and systematic searching 
of the new gro^vth on areas known to be affected by the mosquito 
will result in the destruction of a great proportion of the young 
forms. 

MARCH. 


Crickets 
Orange beetle 
Cockchafers 


Wireiconiis 


Are still present in the young stages. 

Begins to increase in numbers. 

Are still present in the soil as grubs, but 
the major projx)rtion have reached the 
pupal stage, and adults are beginning to 
appear. 

Are still noticeable in the soil in nurseries. 


Bunch caterpillar . The familiar clusters of these insects begin to 
show up in the tea. 

Lobster caterpillar Appear, and attain the pupal stage. 

Red slug ... A certain number of pupae are stUl in the 
soil, and caterpillars are no^v present in 
the tea. 


Red borer 

Nettle grub 

Gelatine grub ... 
Looper 

Barheaiing borers 


Tlie caterpillars of this pest are now full- 
grown, and are beginning to enter upon 
the pupal stage. 

The moths of tliis insect are now beginning 
to emerge. 

Moths are now beginning to appear. 

The moths of this insect emerge this month 
and deposition of eggs proceeds. 

The caterpillars become full grown, and some 
individuals reach the chrysalis stage 
by the end of the month. 
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Sandwich cater ^ Caterpillars may now be present in serious 

pillar. numbers. Early individuals enter the 

chrysalis stage, and a few mothslappear. 
Tea toririx ... The caterpillars of this moth show up in 

the tea. 

Tea leaf roller ... The work of these caterpillars becomes 
noticeable. 

Tea mosquito ... Present in small numbers in all stages. 

Green- fly ... Present in small numbers in all stages. 

Tea aphis ... This pest now appears on the young growth 
and in nurseries. 

Scale insects . . . Many of these are now hatching from the 
eggs. 

Thrips ... Still in the pupal stage. 

Termites ... Still active in the bushes. 

Red spider . . . Begins to appear. 

Control Measures. 

Kurpying, thullying, and forking should still proceed, and 
chrysalids and cocoons be collected. Bunch and sandwich cater- 
pillars and tortrix and leaf roller, should be destroyed by hand if 
serious. Systematic searching for tea mosquito on the new growth 
should continue, and affected bushes be soaked with liine‘Sul])hur 
solution of normal strength. This solution may also used, 
where necessary, for red spider and tea aphis. 

AFRIL 

Crickets ... Are still in the young stages, though more 

than halE grown. In this month the 
damage done generally becomes so serious 
as to attract notice. 

Orange beetle , , This insect is still increasing in numbers. 

The drooping shoots, formed as a result 
of the attack, begin to attoin such num- 
bers as tolbe noticeable. 
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Duars leaf-eating 
beetle . 


Green beetle 
Cockchafer 


Wireicorms 
Bunch caterpillar . 


Lobster caierpiUar 
Redslvg 

Faggot ic or ms ... 
Red borer 

Nettle grub 

Gelatine grub ... 

Looper 

Bark-eating borers 


Sand\cich cater* 
pillar. 


This beetle may be expected to 'appear this 
mouth, more especially ia the Duars, 
where it skeletonises the lea\'es of a feAV 
bushes, persists for about three weeks, 
and then disap{)ears. In Darjeeling it 
may appear as late as July. 

This insect now appears in the tea. 

The adult beetles are now emerging, but 
damage by the grubs has been recorded 
at tills time also. 

May be noticed in the soil in nurseries. 

These caterpillars are generally less prevalent 
this month, the majority of the indivi- 
duals being in the pupal and adult stages. 

Present in the pujial and adult stages. 

The caterpillars are present in the tea, and 
begin to pnjiatc in the soil. 

The voung caterpillars l)egin to appear. 

Present in the jiupil condition. Moths Ijegin 
to appar. 

Moths are emerging from the cocoons, and 
de^Kisition of eggs is proceeding. 

Moths are emerging from the cocoons, and 
de|X)sition of eggs is ])roceeding. 

The emergence of moths, and egg-laying, 
continue. Caterpillars begin to apjiear. 

Chrysalids continue to form during the e<arly 
part of the month, and moths begin 
to emerge. 

Pupae are to lie found in the soil, the moths 
are alxiut in considerable numbers, and 
the caterpillars begin to appear again. 

This insect reaches the pupal and adult stages 
this month. 


Tea iortrix 
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Tea leaf roller .. 

. Reaches the adult stage this month. 

Tea Tuiosqnito 

. Present in all stages. 

Oreen-fly 

Present in all stages. The leaf begins to take 
on the characteristic green fly appearance. 

Tea aphis 

. Active on the young growth and in nurseries. 

Scale insects 

. Which attack the leaf begin to appear. 

Thrips 

Begin to appear on the bushes this month. 

Termites 

. , Still active above ground, but with April rain 
their activity diminishes somewhat. 

Red spider 

. . Active on the bushes, 

Rink mite 

. . . Active on the bushes. 


Control Measures. 

April is an important month from the point of view of insect 
control. Crickets now demand attention, and those who cut down 
the heavy pruned tea early reap the benefit. Pouring water down 
the hole generally brings the insect to the mouth of the hole very 
quickly, and a kurpy pushed in slantwise below him completes his 
capture. Kerosene emulsion, diluted 1 in 40, may be substituted, 
and has the advantage that it kills the insects which obstinately 
refuse to emerge. Poisoned baits may be spread in nurseries. 
This is the time to collect faggot worms. The young insects have 
emerged from the parent case and are feeding on the bush. As 
they have not yet had time to spread far the damage, which is 
considerable and easily seen, is confined to a few bushes, and the 
rapid collection of large numbers is a comparatively easy matter. 
Bark-eating borers are in the chrysalis stage, and as the chrysalids 
are situated half in and half out of the holes efficient collection is 
an easy matter as compared with other times. Bunch caterpillars, 
forming their cocoons, as they do, on clods at the surface of the 
soil, are destroyed in large numbers by the hoe, and red slug is 
entering the danger zone by going to the soil to pupate. Systema- 
tic collection of tea mosquito, and soaking of affected bushes with 
lime-Bulphur, .can be continued effectively, and red spider and pink 
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mite may be dealt with by spraying with lime-sulphur. Thullying 

may be done wherever possible to keep down termites. 

MAY. 

Crickets . . , Have not yet attained maturity, but the young 

forms are increasing in size, and damage 
is generally most serious this month. 

Orange beetle ... Is usually present in its greatest numbers. 

Green beetle . . . Attams its maximum numlDers. 

Cockchafer . . . Adult beetles are still emerging, and ginibs are 
hatchmg from eggs laid by the early in- 
dividuals. 

Wirevcorms ... Are still active in the soil. 

Bunch caterpillar The caterpillars begin to ap|)ear again. 

Lobster caterpillar The adult moths are depositing eggs. 

Red slug ... The majority of the individuals are in the 
adult stage. 

Faggot icorm ... The depredations of these insects are still 
noticeable hca'c and there in the tea. 

Red borer ... Moths continue to emerge. Eggs are being 
laid. 

Nettle grub ... Young aiterpillars are to Ije found in the tea. 
Moths are still about. 

Gelatine grub ... Young caterpillars are to lx found hi the tea. 
Moths arc still about. 

Looper Caterpillars are acti\’e in the tea. Early in- 

dividuals are beginning to form chrysali- 
des in the soil. 

Bark-eating borers Are present mostly as moths and the deposi- 
tion of eggs is proceeding. 

Sandwich caterpil- Is active in the tea, and pupae are forming in 
lar. soil. 
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Tea mosquito 


Green-fly 


Tea aphis 


Scale hisecis 


Thrips 

Termites 


Red spider 
Pink mite 


Is present in all stages, In some places it 
may be already having a serious effect on 
the bushes. 

Is present in all stages, and its effects are 
noticeable both in the size and quality 
of the flush. 

Is still active on the young gro^vth and in 
nurseries, though the bushes are begin- 
ning to throw it off. 

Are active l^oth on the branches and leaves, 
and more particularly noticeable on the 
latter, but are not greatly in evidence. 

Is active, and present on the bushes in larval 
and adult stages. 

Are still actWe above ground, though not 
often noticed on account of the foliage 
on the bushes. 

Is active, and present in all sUiges. 

Is active, and present in all stages. 


Control Measures. 

The measures taken during the previous mouth against crickets 
may be continued if necessary. The treatment of tea mosquito, 
red spider, and pink mite should he continued as iu April, if the 
pest be stiU serious. Thrips may be sprayed with Insecticide Xex 
gi‘een if obtainable, or, failing that, with lime-sulphur. A last 
round of thullying, before the rains break, will Ije of great serWee 
against termites. 


JUNE. 

Crickets ... This month these insects begin to reach the 

adult stage, and the damage done be- 
gins to decrease. Tliere are stiU a large 
proportion of young forms about. 
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Orange beetle ... 

Tliese insects are decreasing' in number, and 
the damage done is i)ecoming less notic*e- 
abie. 

Green beetle 

Tlie immlx*!' of tliese insects is decreasing. 

Cockchafer 

Young larval gru1)s are jircsent in tlie soil. 

Wireworms 

May 1){‘, still acti\’e. 

Bunch caterpillar 

Ih’esent in all stages. 

Lobster caterpillar 

An* to 1 h* bamd in the tea. Mav reach the 
]>upal stage. 

Red sing 

i\I()st of the individuals are in tlie adult slai>'e. 
Caterpillars are Iteginning to reapjK'ar. 

Faggot u'orm 

The caterpillars ]ia\e by tins time sjiread to 


(list-iiieos tlie wliich h 

lik(.‘\visc‘ now well (‘(ni'i’cd with fuliaoe, 
aiul tliough jd'eseiit an* not readily ik R io- 


t'd. 


Red borer 

Yoiuig caterjVdlars an* at work in the shoots, 
hut the daiiiagt* is not yet iiotieeahle. 

Nettle grub 

Tin* [ircsi'iice of th(* (‘aterjallars in tlie tea 
iimv Ijegim to hccoine iiotieeahle. 

Gelatine grnh ... 

[h'es(‘ut in th(*tra in (la* caterpillar stage. 

Looper 

Tla* last of the oatei*j>illars pupato, and the 
(‘m(‘rgenc(‘ of the moths eommeiiees. 

Bark-eating borers 

( aterpillars hegin to ap|K*ar, aial damage to 
the liuslies eommeiiees. 

Sandwich cattrpil- 

Present in tlie soil in tlu^ elirysalis stage. 

lar. 

\[oths a])pear. 

Te a niosguito 

Pi'esc*nt in all stages, 'riu* attack may by 
now iie serious. 

Green-jig 

Present in all stages, fluiie is generally a 
gn*i'u-l]y month. 

Tea aphis 

May still 1 h* javsent. 

Scale insects 

An* active, more especially in the iiills. 
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Thrips 

... Is active on the bushes in larval and adult 
stages. The migratiou to the soil, where 
the rains ’NviH be sjxmt in the pupal state, 


commences. 

Termites 

... The actmties of these insects above ground 
begin to lessen. 

Red spider 

... The damage done by this [)est may begin to 
decrease. 

Pink mite 

... A decrease in the numbers of this })est begins. 


Control Measures. 

As soon as Loo|)er caterpillars have disap|>eare(l Iroin the tea 
a lioe may be put into the affecteil sections, which will kill many 
pupae. I£ the bushes am be forked and chrysalids collected so 
much the better. In the case of a late rains spraying' for red spider 
may still be necessary. If mosquito be no^v serious the treatment 
tnay be discontinue 1. ^Vhere the ix^st has not yet ”’ot the up|X^r 
hand the treatment should be continued as far as jiossilde. SjH'ay- 
ing for Thrijis may be necessary. 


JULY. 


Crickets 


Orange beetle 
Duars leaf -eating 
beetle. 

Green beetle 
Cockchafer 
Bunch caterpillar 

Lobster caterpillar 


These insects have now pnictic^ally all bec*ome 
adult, and their depredations liave decreas- 
ed considerably. 

Present in small numbers only. 

Has been known to occur in Darjeeling during 
this month. 

Present in small numbers. 

Present as young grubs in the soil. 

These caterpillars now become almost negli- 
gible. 

This inscc*t may be found in all stages at 
various times during the month. 
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Red slug ... Is present in the tea in the larval condition, 

and passes into the pupal stage, some 
individuals attaining maturity hy the end 
of the mouth. 

Faggoi icorins ... Present in the aiterpilkr shige. 

Red borer ... Young (;ater[)illars are jjresent in the shoots 

but the damage draie is as yet unnotice- 
able. 

These eater] allars l^ecome more noticeable. 

The emergence tlu^ mot) is continues, and 
the caterpillars re-ap}>ear. 

Are present on the laishes in tlie caterpillar 
stage. 

Tile motlis mv in evidence, and aiterpillars 
are again ajipearing. 

Present in all stages. The jK'st has usually 
become serious. 

Present in all stages, but the effect on the 
huslies is now practically nil. 

Present, but scarcely notiec^able. 

Present, but not greatly to Ix^ noticed except 
in the hills. 

Almost entirely disap|K^ars this month. 

Control Measures. 

Tliere ai’e no sjieeial control methods A\dhcli haa-e licen found 
nf value at tliis pericxl. The time for effective control has in most 
cases jiassed. 

AUGUST. 

Crickets ... Tlie most belated of the insects l>ecoiue adult 

this mouth, and the depredations of the 
lx's! liecome nil. 

Orange beetle ... Present in small numbers only. 


Nettle grub | 
Gelatine grub j 
Looper 

Bark-eating borers 

Sandwich cater' 
pillar. 

Tea mosquito 

Green' jig 

Tea aphis 
Scale insects . , . 

Tkrips 
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Green beetle 
Coclechafers 
Lobster caterpillar 

Red slug 

Red borer 

Nettle grid) 
Gelatine grub ... 
Looper 

Bark’ eating borer 

Sandicieh cater- 
pillar. 

Tea tortri x 

Tea mosfp.iito 
GreeU’/ly 

Scale insects 

Red spider 


A few may still be seen. 

Present as grubs in the soil 

Jlay be found in all stages at ditferent times 
during the month. 

Moths are still appearing during the ejirly 
part of the month. Larvae begin to 
apjK'ar towards the end of the month. 

The damage done hy these mterpillars, which 
are still at work inside the shoots, Ix^gius 
to shoAv up, and tlie brown leaves of the 
dying lx*a nc] u‘s ar(^ ])articulai'ly notice- 
able in tlie gTe(‘n t(^a. 

The attiick of this eater] )illar att-jiins its maxi- 
mum. 

The attaek of this eaterjiillar attains its maxi- 
mum. 

T1k‘ caterpillars are active in the tea, an<l the 
descent to the soil tor pupation com- 
mences. 

These insects are present on the bushes in the 
caterpillar stage. 

The Ciiterpillars may be |)resent (m tla* tea, 
and chrysalids are to be found in the soil. 

The cater|)ilhus of this moth often attain 
sntheient numbers to Ixi lujliceable this 
month. Many pupate. Some attiiiu 
maturity. 

Present in all stages. Serious by now. 

Present in all stages, but damage not notice- 
able. 

Present, but hardly noticciible excej^t in tlio 

hills. 

Tcmjtorary indications of the presence of this 
])est may be observed. 
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('ONTKOL MeASUKE??. 

At this time of year it is a simple matter for a few intelligent 
tnen or hoys to collect slioots ^vllicll contain the red borer, as the 
(lead brand ic's arc \'ery conspicuous in the tea. 


SEPTEMBER, 


Crickets 


Oramje beetle 
Cockchafer 
Red shiij 


Red borer 


All these insects are now in the fidnlt stage. 
A fcnv of tlie early iiaVnhluals commence 
to lay eggs. 

This |K‘st iiien^asc^s in numhers tliis month. 

Grnljs are prescait in tlie soil. 

Present mostly as lar\ ae. It is at about this 
])ca’io(l that sporadic* Jit tacks often occur. 
Pu[«itioii takes place tocvards the end of 
the iiiontli, and a fe\v early adults ?nay 
ap|)ear. 

The cat er]>i liars are active in the stems of the 
!)usiic>, and are I’cndercd noticeable bv 
tlie cons])icuous dc/ad l.)ranelie8 here and 
there. 


Nettle grub ... ('aterjallars are still numerous, hut begin to de- 
crease, and co(.*oons have Ixcu found as 
early as Se|)tenilx*r. 


GelaUne grub ... 
Looper 

Bark^eating borer.< 
Sandwich cater- 
pillar. 

Tea Tor trie 
Tea mosquito 

Green fy 
Red spider ♦ » . 


(aterpillars are still numerous. 

Pu[»ation continues, and moths lac^giu to 
apjx'ar. 

Th.e caterjullars are active in the tea. 

PujKie are [U’esent in the soil, and inotlis are 
ag.tin in evidence. 

Pu[iae and adults to be found. 

Present in all stages. This is generally the 
month of maximum se^'erity. 

Present in all stoges, but seldom noticxxh 

May recur. 
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Control Measures. 

The bushes niu}^ often be auiscd to ^hro^\■ off re(i spider at this 
time of year by replacing the light hoc, on the affected sc‘ctiou, by 
a trench hoe, nine inches deep, l)et\veen the Hues. 


OCTOBER 


Crkheis 

The deposition of eggs contimies, and young 
individuals begin to emerge from tJie 
first-laid eggs. 

Orange beetle 

Present in considerable ninnbers, although tlie 
damage done may not be so obvious 
owing to the greater luunber of shoots 
on the bushes. 

Cockchafer 

Present as grubs, but nurscr\' plants are now 
so liigh that the damage done is negligible. 

Bunch caterpillar 

The clusters of this caterpillar may begin to 
re-a]j})ear in the tea. 

Red dug 

Present in tlie adult stage as moths. 

Red borer 

The dead branches here and thert’ sliow wlicre 
the caterpillar is at ^\'ork in tln^ tea. 

Nettle grub 

i)ecreasing in uundxa’s. 

.Gelatine grub ... 

De/Tcasing in numbers. 

looper 

The emergence of moths continues, and the 
last l)rood of caterpillars begins to apjieu’. 

Bark-eating borer 

These caterpillars are still active, in the tcii. 

Sandwich cater- 

Moths are in evidence, and tlie last Inmod of 

pillar. 

(,*aterpiilars begins to ap|>ear. 

Tea mosquito 

Present in all staji'es. Serious, 

o 

Green- fly 

Present in all sOiges. 

Thrips 

There may be signs of this j>est at this time. 

Termites 

Begin to re-appe^tr above ground, andtlieir runs 
may Ixj found as far up as the plucked 
shoots. 

Red spider 

Is active, and may tecouie noticeable. 
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Control Measures. 

Control measures are of little v^alue Ilo^^^ 

NOVEMBER. 

Crick Pis ... lading has pi’iictiailly ceased, hut the 

emergeiic'e of young individuals con- 
tinues. 

Orange beelle ... Is heginiiing to <]ecrease in uundxa's, Init 

daiiuig'cd shoots are still iioticeahle. 

Cockchafer ... Present as grubs iu tlie soil. 

Red shnj ... Is now iu the caterpillar stage. 

Red borer ... Pnsent iu tlie caterpillar stage, and noticeable 

\i\ the dead l>ranches here and there. 

Nettle grub ... Thes{^ caterpillars ha^■e mostly entered the 

chrysalis stage, but may prsist. 

Gelatine grub ... Odd spi^cimens may l.)e found here and there, 

but most have entered] the puj>ae suige. 

Looper ... Present in the caterj)illar forii]. Pupation iu 

the soil for the cold ^vt^jither begins. 

Beirk- eating borer These carer[)illars arc by now doing extensive 

damage to the bushes. 

Sandwich cater- Caterpillars still [xrsist. Pupae are present iu 
pillar. the soil. 

Tea mosgulio ... Present in all sUig'es, but rapidly decreasing 

iu numbers. 

Green-flg ... Present in all stages. 

Termites ... Are becoming increasingly active. 

Control Measures. 

Control may now be left until pruning and other cold works 


commence. 



166 PRELIMINARY PEST CALENDAR FOR TEA DISTRICTS OF N.-E. I. 


Crickets 


Orange beetle 
Cockchafer 

Faggot worms ... 


Red borer 


Nettle grub 
Gelatine grub 

Looper 

Bark^eaUng borer 

Sandw kit caierp II- 
lar. 

Tea THosquito 


DECEMBER. 

Are present in the young stages, but ha\^e 
not as yet spretid very lar. Tea ^vhich 
has been cut heavil}* and earl}' ma}^ be 
affected. 

Present in siiiall numbers only. 

Present as grubs in the soil, wliicli are b}' uoav 
attiiiniug a sufficient size to be a source 
ol danger to young plants. 

These 'vvill again Ix^come noticeable in the tea, 
and the damage thev have }jeen doiim- 
throughout the season to tlie ]:>ark ol' the 
steins becomes apparent as the bushes are 
pruned. The caterpillars are seldom now 
active, and the male i'aggots are generally 
empty, \vhilti the female faggots contain 
the eggs. 

Is present in the tea shoots in the larval 
condition, and the damage done is readily 
recognised In' the holknv branches lelt 
in pruning. 

Present in the pupal sUige in the soil. 

Tca-seed-llke cocoons to be lound on the 
la'anches of the bushes, occasionally in 
tile soil. 

The formation of chrysalids in the soil conti- 
nues, and by the end of the month all 
are in the pupal skige in the soil. 

These caterpillars are doing extensive damage 
to the buslies, which beconu^s very 
obvious as pruning continues. 

Pupae are to Ixi found in the soil. 


Present in all stiiges, but much reduced in 
number. 
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Greeri'fly ... Proseut in all stages. 

Scale insects ... Tlieso, aiul tlie daiaage done hy tlieiig be^cwne 

cs])Ccially Jiotieeable as the huslies are 
jnamed. 

Termites . . , : i Aiv aetive a1>« ive grouial. 

CoN'i'JiOL MkASI JIKS. 

With the eoHiiuciiceineut of cold wiaither work a good deal can 
be done to mitigate siihsei|iieut attacks of the variutis pot.-. Tin; 
treatment of tlie hea\y [a'lmed tea with soda \\a>lie.^ soften- the 
bark and niakes it less suitable for bark-eating borer.-, rruawes sc:d(‘ 
insects, moss, and licljeti, and witli the latter of the black 
tludps, destruys eggs of tlie tea luusguito and kills Ijibernating n^d 
spider. Higli pruned tea caiue^t safily l.)e treated with soda wadies, 
but may be treated with strong; linie-snipluir solution, winch jierftfrin^ 
a similar service. Primings should always be i'enio\ed irom the 
sjihere of action as soon as pu.-sible, either by burying or burning. 
They eontjiiu large numbers of [>e>ts in \ itriuus stage.-, and if left 
these pests <ire often able to develop or rL'tnru to the bn>lies. Tag- 
got worms are easily collected now, and should be collected ;',s>iduous- 
ly, as each female faggot collected means liie doirnetion of large 
numbers of t^ggs. Forking, knrpying, and iliullying of the bushes 
should 1)0 a feature of cold wcatlnr work. It is of iminensi* 
value against Uaunites. The women or children i\ ho do the tluilly- 
im*’ sliOLild be made to eullect all elnu salids tliev lind in the ground. 
This is far and awa\' tlie most ctiieieut means of eoairol of the 
majority of our Avorst caterpillar pests. During the C(>ld Aveather, 
also, the draia:ige of improjx'rly or iuadopiately di'aiuc*il areas 
sliOLild be inipruvcxl as ftir as possible. This a\ ill be fiiuiid of great 
value in the tig] it against [tests such as tea-must[uito, red spidci*, 
etc. 



THE FUNGUS DISEASES OF THE TEA LEAF 


BV 
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S. C. Bosk. 


{Conti lived from 1920, Part IV, Page 154), 

Cop]icr liliu'ht — Livstadia eamelluv Cke. 

Levstadia TheiV Hue. 

Cop]X‘r Ijliglit is so uaniotl t'roiu tlie ] peculiar co]>])i‘ry coloured 
sheen ^vluch forms on the under sur laces ot leaves in the early 
stages of the disease. The knives so atfected usually bend over 
with the underside outermost. This stage is succi'eded by tlu* 
formation of ill-deiiued patches of yellowish brown colour, Lhese 
patches first a jipear on tlie upper sides of the leal. Tdiey later on 
become lx*tter defined and darker in colour extending right through 
the leaf. As the disease ])rogresses minute dots ap])ear scattercnl 
about in the centre of the discolourations. The iliseased jiortiou 
of the leaf finally beeijmes very brittle and freijueutly cracks. 

When examiiunl with a |MX,‘kct lens both tlu^ sur laces of the 
discasal patches are seen to be studded with minute black dots, 
irregularly scattered in the neighbourhoixl of the veins. Tliese 
black dots are the openings of round cases called ])ycuidia, in 
which sjMjres of the kind billed jiyciiospores are prcKlucal. A 
section across such a spot will show uuder the microscope that 
the pycnidia arc black, more or less sphericnil receptacles with 
short teaks, somewhat resembling those of brown blight in external 
appearance, but differing in their contents. The iiycuidia are 
j)ro<Iuced singly or in groups and remain embedded into the leaf 
tissue with their mouths o|)enmg outside. They measure about 
98— 110 by 113— llG’ot^.. From the cells of the inner wall of a 
pyenidium small colourless filaments, known as conidiophorcs, grow 
out. These pnxluce colourless one-celled, ovoid spores at their 
tips. When mature the pyciiospores are detached from the cells 
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of the inner waD of the ])ycni(lia, carrying tlieir coiii(lio})hores with 
them. The pycnospores ^vith the arlhereiit eonirliophore.s lire 
collected in the central cavity of the pycnidiunn They measure 
about 10‘85 — 12 Ijy 6'5 — When fully rijxi tlui u|>])er [xirtion 
of the jiycnidial ^vall with its enveloping leaf tissue disintegrates, 
leaving a small crater -like dejiression. 

This form of fructification is very common and may Ix: found 
on diseased leaves throughout the }'ear. 

At a later stage v licn the surface of the s[Kjt hccoines grey and 
brittle, the second form of fructificiititin ajijxars as minute black 
dots similar to l)iit smaller tlian tliosc mentioned above. On exa- 
mination of a cross section of such a s])Ot, under the micT(»sco])e, it will 
1)6 seen tliat these black dots are crater- liki- o|X‘ihngs of spheriail 
receptiicles known as pcrithecia. The perithcxiLi are black, more or Ic.'is 
spherical sha])e ^vith very sliort beaks. The}' are either scattered or 
in groujis and are immersed in the leaf tissue, witii tlieir Ix^aks com- 
municating with the outside. They measure about 99 — 103*5 liy 
IQ2 — 105ix, and contain <i large number of club-shaj ied sacs (asci) 
eacli containing (S sjiores (in this case calk'd ascos])orcs). The asci 
arc colourless, cylindrical, club-shajKid aii<l measure about 52 — 53 
bv -12 — Klg. Tlie ascosjiores are colourless, oue-ccllcd, broad in tlie 
middle and slighth' ta|K‘i'ing at the (mds. Wliiai young they contain 
a large unmlxr of ndractive granules. The}' fire arrangal in two 
rows within the asci and measure about 13'5 — 15*5 by 6 — 7*6^. 

This form of friu'tilk^aiioii iv less common and is only found 
for a few mouths (Mfiy to August) in the year and then only with 
dithcult}'. 

Former investigators apj>jirently confused the perithecia of 
(flomerellii cingulata (ru’ou'u blight) with rliis j^tiige of this fuu- 

gllS. 

The fungus infivts tlie leaf Avlieu it is still young. The disease 
is more common during summer and the rains. It is most fre- 
(juontly ohscTved about the time tlu' scc'ond Hush apjR^ars. It is 
less in CA'ideuce in the cold Avciither. It is not so common as 
Brown or (.Irey blights. 
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THE EHXHUS DISEASES OF THE TEA LEAF. 


Tlio f lino'll s liiis Iwn groivn in jiure culture from both kinds 
of sjiores. It oTo^vs ^vell in jelly made Avitli either maize meal, 
olucose or dextrose. 

In culture the pycnosjiores OTininate nithiii a, day. On 
o'(.‘rmiuntiou tliey olve rise to one or two filaments (germ tubes) 
from one oi- both the ends. The filaments give rise to lateral 
liranehes. The mycelium is at first colourless, becoming deep brown 
or sooh' black vith age (in 8 — o days). The filaments are many 
branched and with mam' cross Avails. The cross Avails are darker 
in colour than the side* Avails and are very prominent. The pycni- 
dia develop singly or in gTOU])s from a mass of mycelium, 7 days 
after iuc'enlation. They are at first broAvn, later becoming black, 
more or less sjiherical, Avith a atiw short beak. The ])erithecia 
dcATlo]! from the same mycelium, 15 — 20 days after inoculation. 

The ascos]Aores germinate in a day in the same manner as 
the ]iycn( Aspores. The charticters of the mycelium are the same as 
those observed in mycelium from jwennspores. 

Infection of healthy living leaves, both injured and uniiijured, 
Avith pycnospores took ])lace in from 3—5 days. The jn'cnidia 
develo|)ed 7 davs after iiioculati(m but the perithceia Avere not 
observed CA'cn after 40 days. 

Experiments shoAved that under ordinary circumstance's, c.g., 
light shade and damp atmosphere the fungus could suiwive the 
cold Aveather Avhen in dead material. But Itlie solitary })ycuos]>ores 
Avhen exposed to similar conditions could li\T' only for 8 days. 
Exposure to direct sunshine Avas fatal to both, the fornna' could live 
for a fcAV months ouh' Avhile the latter succumbed within a day. 

The Treatment of the Disease. 

Copper blight is not usually sufficiently serious to warrant 
remedial meas\ires. It is necessary to ])luck off all the infected 
leaA'es and destroy them. If this ] ducking is folloAved immediately 
V>y sj paying with a fungicidal mixture, e.'?., lime suljdmr solution, 
the infection of the young leaves is prevented. A second plucking is 
frerpicntly necessary a day or two after the sj^raying but a second 
application of. spray fluid is rarely necessary. 
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As the disease visually niakes its apjx‘,araiic(*. iit the end of the 
first flush, it is generally possible to apply remedial treatment 
during the dry s])ell wliich precedes the heavy rains. l\dieu the 
disease apjvcars in the heavy rains it is very little use applying 
spray fluids, but if the diseased leaves are plucked off and destro^'cd 
there is little danger of serious damage being caused. Sometimes 
in Darjeeling tlic progress of the disease is very rajhd, but when 
the disease spr(‘ads with sneh ra}>idity tlvc diseast^l leaves generally 
fall off in a day or two and tiie young flusli comes away unaffected. 
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Ornamental Trees as Breeding Places for Mosquitoes.— 

The iKaiiiteuaiice of health is of a vital iin])ortaiiee in a district 
such as Assam, and is iiitinmtely bound n\) with the presence or 
otherwise of mosquitoes. The following tiible, sho^viug the relative 
im])ortance of various ornamental and other trees, (ommonly ])lanted 
in buiigahnv compounds, as breeding places for mosquito lar\^:e, 
should therefore be of interest. The talde, \vhi(!h is taken from 
an article in tlie Bulletin of Entomological Research, V<d. XI, Pt. d, 
records the uumkT of occasions on which mos([uit() larva' were 
found in rot- holes at the forks or in the end of rotting stumps on 
the trees. 


CommoQ Name. 

Botanical Name. 

Number of 
Occasions. 

( 



Banyan (4 species) ... / 

V l>hjiii(>hyUa ( _ 

„ popfiJt/uUa ( " 

22 

( 

„ ) 


Flamboyant (Gold Mohur) 

Pu 'nK'lana reyia. 

i:i 

Mango ... 

Pawpaw (Papaya) ... 

Woman’s Tongue or Egyptian 

M>uiy>Jera 'iitd'h‘a 

Cartra pi^pi\yn 

i; 

Acacia 

“ Miraculous Berry ” (Yoriiba 

Alhl-m Uhhd- 

4 

agbayun) 

S 'ule rn.rj/fox (hi lci fit'll III 

1 

Almond Tree ... . . 

l•llU^ppll ... 

1 

Black or Velvet Tamarind ... ; 

D/diilliii ... 1 

1 1 

Kain Tree 

K/ifn'ulohiuiii liidcifi ... ... ] 

1 

Breadfruit 

Arhicarpii.s iiiriini ... | 

1 

Guava ... 

Pdilimu (juaKfi ... j 

1 

Akee Apple 

PihjhPa ^n/nda ... 

1 

Queen of Flowers (Ajar) 

Laip'i'nl I'lif’mtu rt If ilia 

1 1 

(Yoruba-akoko) 

Xeii'hoiddin laci'ix ... 1 

1 

Cashew ... ... ... ; 

A/iaoti'diniii ix'i'idfulnle 

^t('ri:idi<i hiiYtrri ,,, ... j 

1 

1 

Alexandrian Laurel ... ... 

Cdlophi/Hmii inopJiyllmn ... i 

m/Hifpiua 

1 

1 

Orange ... 

Cdriix niii’diifinut ... ... | 

1 

Cock-hat Tree (Yoruba-piregun) ... ^ 

Drnraena /myraua ... 

1 

Coconut ... ... 

Curosf nii.i:*fcra ... - j 

1 

Ornamental Amaryllid 

(Jrinnin (jiijantYitin ... ... ' 

1 

„ broad-leaved Screw-pine 

PandaHHH pai-ijli'it.^ ,,, ... i 

1 

,, striped Screw-pine ... 

Pcuidannn ve'di'h'd ... ... ‘ 

1 
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Helopeltis Theivora— Waterh. — The tea mosquito has now 
made its ap})ejii'aiice as a pest in Sumatra, as is evidenced l;y the 
following extracts frr>m tlie Review of Ajiplied Entomology for 
April 11)21, 

‘‘ Gahhktsicx (A. d.) : Hdopeltis op Sumatra [HelopeUk in 
Sumatra]. 

T)e Thee, Buiteuzorg, ?, no. 3, September 11)20, p]c 7.>7(). 

[Received 7th February 1921.] 

The ]>reseue(‘ of Hdojjdtis antonH and H. thiv/mf on the 
ea.st coast of Sumatra has Ix^en definitely estaldislied. No loss to 
the tea (Top has r(‘sult(^d as y<4, and in advocating great watch ful- 
lness and the iinnudiate ajjplicatioii of rcme<lial measures in (“ise.s 
of iidV'station, it is pointed uut that the latter does not ne(‘essari]y 
inak(‘ tea-grou ing uniaauuneratisa*. 

On one (“state //. (infonii oecairred mainly (ai tea Ix^neath 
Si^dxinia aeijyptiavif^ an<l the parts most attack(Hl n'cre those in 
tile shade of tln‘s(“ jilanls, wliich were themselves infested with this 
and otIut lings. Tlaa’c was no iufestatioji in neiglibouring 
jilantatioiis w hen* tiie tea was grown heneath Tephro-^oL After 
felling and hurning the Scd<jnia and uprooting the stumps, 
collection ^vas pros(‘eut(‘d vc'iy eiiergaTically, and ouc-aud'a-lialf 
weeks later 1 h(“ /s’ Iiad eiitin'ly disapjieared, a consideral.ile 

loss being thus pn“vented. 

Lekfmaxs (S.) : Annteek(“uingen over Wiedsterjilanten \ ar 
Helopeltis. 

[Notes on the Food-jilants of Helo}Kdtisj. — I)e Thee Buiteii- 
zorg, /, No. 3, Si'jitemlxT 1920, p]). 77-7^, 2 places. 

[Received 7th Fehruary 1921]. 

Adults and eggs of Helopeltis an to nil \ ar hradyi are rec’orded 
on Fnehsia coccinea, growing at an altitude of approximately d,800 
feet, hut no lar\ae could lx> found. Tliough tea was atta{"ked 
under laboratory conditions, plants gTon iug about 300 feet a\vay 
from the Fuchs k iHauaiiied uiiinfested. Similar obsein ations Inw e 
led observers to sujipose tliat Helopeltis is not a fixed ].>est of teq 
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but the author does not agi-ee, his view being that too little is 
known about these Capsids, especially as regards the inheritance of 
inor[)hological and biouomic characters in the various s])ecies or races. 
For this reason research into the genetics of these bugs \\ ould be 
justifievl, quite as much so as the quest I'or remedies. 

In Ids garden at Biiiteuzorg, Dr. Kant found infestition on 
Begonai^ Cuphea vmropetala, and Wormia siijruticosa^ so tlitit 
these must be added to the list of food])]auts. He also noticed that 
the U])per branches of naugka \^Ariocarpiis^ AN’ere first attacked, 
and then the lo\ver branches, the insects linally migrating to 
Begonia and the other plants mentioned. This leads the author 
to think that the reason why HelopeltU lias not ])een ol)served in 
virgin forests may be the fact tliat iuf(:‘statioii cx:cnrs among the 
tall trees, and that Ilelopeltis only (K'caslonally descejids from such 
elevated situations. An examination of any injury met with when 
felling in a virgin forest is therefore desiral)le. 

ClKCULAK on Helopeltis in Sumatra. — De Tliee, Biiihaizorg, /, 
Xo. Septeinl>er 1920, pj). 82- Id. 

[Received 7th oiaFebruary 1921]. 

This Circular of the Director of Agriculture, Industry and 
Commerce for the Dutcli fiast Indies draws attention to the fact 
that Helopeltis theicora and H. nntouH are tiow known to occur in 
Sumatra, and points out the danger attending atteiiqits to conc(‘al 
the presence of these pests on tea esttites.” 


U. 0. P — L200-10-d-21. 
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ON CATERPILLAR CONTROL BY COLLECTION OF 
CHRYSALIDES 


BY 


E. A. Andrews, b,a. 


On many tea estates the collection and destruction of pupae 
and chrysalids turned up from the soil during the operations of 
forking and thull}^ ug has now become a matter of regular 
routine, and where tliis is so an enormous reduction of the damage 
done has been found to accrue. A typical instance of this is to 
be found in the case of a tea estate not very far from the Tocklai 
Expcrimeuhil Station, where sucli ]X*sts as ]oo[x?r, sandwich 
caterpillar, nettle grubs, and the like have Ixion so reduced as 
to be negligible althougli, in the past, they used togi^'e a good deal 
of trouble. 

From this ])articular tea estate samples of the chrysalids 
brought into the factory have been sent from time to time to the 
entomologicjil la]x)ratory at Tocklai, where they ^vere roared to 
maturity in order tliat they might be identified. This lias been 
done since the cold weather 1912-13, by whieli time the damage 
done to the tea Iw' caterpillar pests liad already been reduced to 
negligible jiroportious. In spite of this, however, the numbers of 
chrysalids destroyed each cold weather runs into thousands 
and, as the following account shows, the chrysalids collected ex- 
tend over a considerable variety of forms, many of which, if left 
alone, might at any time develop into a serious pest of tea, or 
shade trees, or attain sutheieut numbers to render green manuring 
impracticable. 

The following list shows the variety w'hich obtains in the 
specimens bred out in the Laboratory. There are specimens of 
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thirty differeut species of moths, belonging to nine different fami- 
lies* ; — 


Family, 

Species. 

Eupi^roiidce ... 

near Sangati&sa- 

SphingidcR ... ... | 

Arheroydia lachenii F, 

Chaerocampa pallicosta Wlk. 

Sataspes voxtralk Butl. 

Notodoniid(R ... 

FhaUra rayck Moore. 

f 

Limacodidx ... 

1 

L 

Hyphorma sp. 

Thosea sinensis Wlk. 

Tkoiea cervina Moore. 

Tho^ea divergenn Moore. 

Altha ccii^taneipars Moore. 

LasiocampidrF, ... 

? near Suana, 

HypsidK 

[Jypsa alciphron Cram. 

r 

^>^ctuida> ... ...^ 

1 

1 

Agrotis ochrarea Wlk. 

Agrotia descripla Brem. 

Agrdh sp. 

LejiCanla loreyi (^albiafigma Mo.) Dup. 

Levcafiia decisissinia Wlk. 
nrci7o5<sa plagiata Wlk. 

Spirmna re.toTta Cram. 

Spiraina {Enmonodia) vcspcrtilio F. ? 

r 

1 

Geomeirkkp. ... ...^ 

[ 

Bision suppreasarla Guen. 

Bii^t07i hengaliavia Guen. 

Boannia sehnaria Hubn. 

Bnarmia acaciaria Boisd. 

Mfidasinfi ^iy'ixaria Guen. 

Erehomorpha fulguyita Wlk. 

^ AbTaxiu 2 yfrata Scop. 

Stenomidce {Tineid(^) 

1 Agriophora rhombota Meyr. 


Eupterotid;e. 

The family Euperoiidce contains the Proccssionary and Tent 
caterpillars, so-called from their habit of wandering in procession 
in the search for food, and of building large silken residences in 
the branches of trees. The caterpillars are hairy, and the hairs 
become detached and sting very badly if the caterpillar be handled. 

* The nomenclatnre used, except in the case of Agriophora, is that used in Hampson’s 
volumes on Moths.in the Fauna of British India series, which, though admittedly out of 
date, is adhered to for the sake of uniformity. 




ON CATERPILLAR CONTROL BY COLLECTION OF CHRYSALIDES. 177 


The social tendency is strongly marked, and when observed they 
are genendly to be found in large numbers, and the damage done 
is apt to be considerable. Some species defoliate trees, others feed 
on grasses and low herbage, occasionaUy doing a little damage to 
crops. One sj^ecies is said to be bad on Cajanus indicus (Arhar 
dal) in Ceylon. 

The caterpillar of the particular species under reference is not 
known. The pupa is black, smooth, and squat in form, about 
three-quarters of an inch long. The anterior half is swollen and 
bulbous, three-eighths of an incli in diameter at its broadest part, 
while the posterior half, which is transversely segmented, cylin- 
drical, and bluntly rounded at the end, is five- sixteenths of an inch 
in diameter. The wings, legs, and autemiLc are very little raisai 
from the body, but their outlines am be traced by fine grooves. 
The soil seems to stick to the pupal case to a cousiderable extent, 
giving it a grejash apjx^arance and making the grooves outlining 
the appendages more distinct. 

The moth is of medium size, the ^ving expanse being two 
inches or a little less. The body is drab-coloured with a clothing 
of brown hairs on the thonix, brown feathery autenme, and large 
black eyes. The coiled proboscis so conspicuous below the head of 
most moths is absent. The front Avings are of a gTeyish-^vhitc 
ground colour, profusely speckled with reddish- brown in tlie man- 
ner in which a half -dry paint brush would mark very rough draw- 
ing paper. In the centre of the wing an indistinct white nuirk, 
somewhat resembling the outline of a wine glass without a stem, 
is often to be seen. Siiuidg}', dark-browii, broken lines, lying 
roughly in the direction of the length of the wing, and one or two 
dark-brown spots at the outer angle of the wing, give the moth a 
rather distinctive appearance. The imderwing is very pale brown, 
somewhat darker towards the edge. Of the habits of the adult 
insect ^ve know little or nothing, but the author captured one 
which was resting on the trunk of a medeloa tree {Dalbergia 
assamica) at 6 p.m. one eveiuug in August. Resting ou the 
lichen-covered bark, it afforded an excellent example of protective 
coloration. 
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Pupae collected in February gave moths m February and 
March, while pupae collected in March gave moths iu May, but that 
the whole cold weatlier is s[)eut in the pupal stage is shown by the 
fact that pupae received iu December did not hatch until the fol- 
lowing April. These pupae were once found on an estate in the 
Sonari district in enormous numbers, but did no apparent damage. 

The caterpillar of this moth is parasitised by an ichneumon. 
Sphingid^. 

This family contains the Death ^s Head Moths and Hawk 
Moths. Four diftereiit species Ixdouging to this family occur, one 
Death’s Head Motli, two Hawk Moths, and one Bee Hawk Moth, 

Acker out ia lachesis^ referred to here as a Death’s Head Moth, 
is a close relative of the true Death’s Head Moth, Acker ontia styx^ 
which is also fairly common in tlie tea districts, and bears a gretit 
superficial resemblance to that species. It may readily be distin- 
guished, ho\vever, by the following characteristics. The upper 
surface of the abdomen of the true Death’s Head is transversely 
banded in brown and yellow, with a narro^v longitudinal grey 
strij^x down the middle. In the case of lackesis this stri^x is so 
much broader that only small patches of yellow are visible at the 
sides. The underside of the alxlomen, in the case of the true 
Death’s Hciid, is yellow, while iu the case of lackesis it is yellow 
with transverse brown strijxs. The hind wing, also, is different 
in the two species, that of lackesis being readily recognised by 
having a brown patcli at its junction with the body, and two broad 
transverse brown bands beyond, on a yellow gi’ound, while the 
true Death’s Head has no such bro\vn patch, and only two narrow 
brown transverse bands. 

The caterpillar of the Death's Dead Moth is readily recognisable, 
and most planters are probably familiar with it. It is a large, 
thick, smooth, green caterpillar which may attain three inches in 
length, with a kind of tail or horn projecliing upwards and back- 
wards from the hind end of the upper surface. On each side of 
the body are Beven or eight prominent oblique yellow stripes, edged 
above, in the ease of lackesis^ with a blue streak. This insect has 
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been found to eat the leaves of many le^minous plants, including* 
two such universal green manures as Boga rnedeloa {Tephrosia 
Candida) qx\A Cow pea {Vigna catiang)^ and although it never 
appears to multiply to any great extent, yet one individual is cap- 
able of doing so much damage that one can well imagine a large 
number making short work of a green manuring programme. 

There appear to be two broods of this caterpillar a year. 
Pupae collected by forking in the cold weather emerge during 
March and April, lying dormant in the soil for four months or 
more. Larvae are next found in the field in April and l\Iay, 
pupation takes place in May, and emergence at any time between 
June and August. The larvae from this second brood enter the 
chrysalis stage in October or Novemljer, and these are the pupae 
which are found during the cold weather forking. 

A parasitic fly has been found to prev upon this caterpillar. 

Chaerocompa oldenlandiae, the commoner of the two hawk 
moths, is a common visitor at light in bungalows in Assam. It is a 
medium- sized, olive-brown hawk motli, having the typical neat 
torpedo-shaped body and long, narrow, firm wings of that type of 
moth. The body is about an inch and a quarter long, the expanse 
from tip to tip of the wings two and a half to two and three-quarter 
inches. The forepart of the body is hairv, with the sides edged 
with wliite tiM a central white line. The latter lialf of the body 
is smooth, and the middle line ehanges to hvo narrow parallel 
clearly marked wdiite lines. Towards cacli side of the forepart 
of the body is a narrow golden stripe, and the sides of the hinder 
part of the body are streaked with golden y(dlow. The wings are 
marked with strongly prononncai diagonal strips differing in width 
ami in colour from dark brown to pale tawny. In the centre of 
each fore wing is a small distinct black spot. The underside is 
pale brown, finely speckled with dark brown. The eggs are laid 
on the leaves of plants, and give rise to a caterpillar of the tA’pical 
hawk-moth description, but with tlie head and first two segments 
more or less retractile into the third, which is considerably swollen. 
The colour is pie purplish brown, with bands of yellow specks on 
the back, and crimson spots on the sides with a well-marked black 
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Outline in the younger stages. Later on the crimson spots change 
colour, the first t^vo becoming blue, the latter purple. This 
caterpillar is conimoniy to be found on “ kachu ’’ ( Colocasia 
aniiquorum)^ the common wild arum of the tea districts, and I has 
been found on mati kalai (Thaseolus mungo)^ so that not only is 
it a possible pest of green crops, but there is a plentiful supply of 
another food-plant always available upon which it can flourish 
and thus be always at hand to do damage. 

The pupa is a typical Sphiiigid pupa, similar in general charac- 
teristics to that of the Death^s head moth, but smaller, and with a 
projecting snout beyond the swellings marking the eyes. It may 
have attached to it, when brought in by tlic cliildren, the remains of 
the case of silk and leaves in which it encloses itself in the soil. 

Chcerocampa pallicosta^ the second hawk -moth, was only 
found once, a pupa received in Marcli 1914 hatching out three 
days later. Tlie pupa is a little larger than that of tlie j>revious 
moth, and the life history probably very similar. The moth will 
be readily recognised on emergence. It is a typical hawk -moth, 
with the front lialf of the body and the front wings dark russet 
brown, the hind wings and the hinder part of the body paler red 
brown. The front edge of the front wings, and the sides of the 
anterior half of the body, are marked with distinct white lines, 
and there is a longitudinal white mark down the centre of the 
front half of the back. 

Sataspes veniralis^ a bee or liumming-bird-hawk-moth, was 
also found on one occasion, a pupa received in February 1920 
giving rise to an adult in A[)ril of that year. We are not acquaint- 
ed with any of the habits of this insect. The adult probably 
flies at twilight, and the humming note that these insects make in 
flight may yet lead to its discovery. In appearance the moth is 
black, with steely-blue- black wings, the upper surface of the heivd 
and shoulders lemon yellow, and with flattened tufts of hair on 
the tail and on the sides towards the tail. The last four segments 
of the undersurface of the body are also lemon yellow. The 
whole insect is an inch and a quarter long, with a wing expanse 
of two and a quarter inches, and is rather squat in appearance. 
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The damage done by a single specimen of any caterpillar 
of the hawk- moth type is considerable, and it is well that they seldom 
attain to any large numbers. It has been found in rearing these 
insects in captivity, that they are extremely susceptible to varia- 
tions in environment, and that if s[:)ecimens are to be reared to 
maturity at the same time so as to obtain eggs, they must be kept 
under identical conditions, or they will emerge at such ^videly 
dilferent times tliat eggs ciiiinot 1x3 obkiiued. It may be that this, 
to a great extent, iiccounts for the comparatively small number of 
these insects, and there is no doubt tluit the systematic collection of 
the pupae of the second brood when forking in the cold weather 
w^ill help in controlling such a pest, for any accidenUil increfise in 
numbers is thus prevented from being carried on to next year. 

NOTODONimE. 

Pkalera raya is the only member of this family which has 
been received among the pupae collected in the forking. This is 
significant, for the lobster aiterpillar of tea, Stauro^us aliernus^ 
used to be plentiful, and although it is known to be still 
there, its numbers are now so small that in a period of seven years 
the samples of ])upae received at Tocklai for examination have not 
contiuned a single spcciinen. 

No information is as yet available ns to the food plants of 
Phalera raya^ but the larva has been described, and is bluish white, 
with the sides yellow, with a red band. There is a series of hairy 
warts on the back, and a pair of processes at each end witli strong 
hairs from them. The larva ^vill readily be recognised from its 
appearance as of a type not far disti\nt from that of the lobster 
caterpilLar. 

The pupa is about an inch and a half long, black, and smooth, 
with the fore-end broader than the hind end, and both ends bluntly 
rounded. Its general shape is characteristic, but rather diliicult to 
describe. It is the shape uapiired by u “ Light of Asiiv’ cheroot 
left out of the drying tin for a month in the rains. Pupae received 
in February gave moths iu March and April, others received in 
March emerged iu April, 
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The moth is moderately large, with a wing expanse of some 
three inches in the male and some three and a half inches in the 
female. The forewings arc brown, marked with transverse, very 
indistinct, waved lines of darker and lighter brown, and with a 
large tawny patch at the extreme fore-end. The hinder two-thirds 
of the fore- wings are dusted with silvery white in such a way that 
when looking directly at the wing it ap|)ears brown, but on looking 
at it at an angle it appears silvery white. The hind whng is brown, 
dark brown towards the hinder margin, and the body is banded with 
yellow and dark brown. 

Limacodid^. 

This family includes all the moths which form the brown 
spherical cocoons with such a resemblance to tea seed, and which 
are commonly known in the tea districts as tea seed cocoons. The 
caterpillars are slug-like, many of them bei\utifully coloured and 
highly ornate, with many spines and hairs and an unenviable 
reputation for stinging, others resembhug nothing so much as a 
jujube, and w'ell- known to planters as “ jelly- bugs.” The adults 
are inconspicuous furry moths, with somewhat shortened and 
rounded wings and thickset, short bodies, and are generally of a 
dull-brown colour, though occasional sj^ecies are brighter. 

Of the five species of this family found, three are known as 
pests of the tea plant, and their caterpillars have made themselves 
familiar as so-called ‘^nettle grubs.” 

Ihosea sinensis is not uncommon on tea in Assam. The 
caterpillar is a typical nettle grub, yellow to green in colour, with a 
paler stripe down the middle of the back, having a red spot at its 
centre, and two rows of fleshy spines, reddish in colour towards 
the tips, on each side. 

The cocoon is a typical “ tea-seed,” but rather smaller than 
that of the commoner “ nettle-grubs.” 

The moth is small, brown, and with a wing expanse of about 
one and a quarter inches. The forewing is divided by a transverse 
diagonal brown diffuse line into two areas, that nearer the body 
bemg pale brown in colour, that further from the body bein 
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darker. A small indistinct black spot is to be seen at the centre of 
the wing, and within the pale area. 

The cocoon of this species was received once, in March, and 
the adult emerged from it in May, 

Thosea cervina is the common nettle-grub” of Assam, 
which is too well known to require description here. The moth is 
dark brown, witli a wing expanse of one and three- quarter to two 
inches, w'ith one narrow transverse dark stripe near the tip of each 
forewing, the dark stripe being edged on the outer side by a lighter 
stripe. 

Some of the cocoons of this species found in the cold weather 
hatched by the beginning of February, but others emerged as late 
as the end of April. 

Thosea divergens is the so-called “ green and brown striped 
nettle grub ” of Assam. The moth of this s}>ccics is very similar 
in general appearance to the preceding, but can be distinguished 
by the fact that the fore\ving has two transverse stripes, one 
situated as in Thosea cervina^ tlie other, more oblique, behveen 
the first one and the body of the moth. 

The cocoons of this insect collected in the cold weather gave 
rise to moths in March aud April. 

Hyphorma sp. — This is a rarity, only two of the light- brown 
cocoons having been received, from one of which a parasitic fly 
emerged. The moth is similar in size aud shape to that of the 
nettle-grub, but is light brown in colour witliout any particular 
markings. 

Aliha casianei^cirs is another rarity which is probably of little 
importance, only one cocoon having been received. The life his- 
tory of this species is not yet known. The moth is less sombre- 
dad than most of the species of this family, having the forewings 
yellow suffused with chestnut and the body and hind wings yellow. 
The adult emerged from the pupa, which was received in March, 
in May. 



184 ON CATERPILLAR CONTROL BY COLLECTION OB CHRYSALIDES. 

Lasiocampid^e. 

This family includes the eggers and lappet moths. Only one 
species of this family was found to occur, and of this species only 
one specimen was received in the material collected during forking. 

The larva of this moth is a long, grey, hairy caterpillar some 
three and a half to four inches long, which is not uncommonly 
found on the trunks of sau trees (where it is only seen with diffi- 
culty), and is occasionally to be seen wandering about on roads and 
even on bungalow verandahs. Its food plant is as yet unknown. 
Full-grown larvae are to be found in December, and turn into 
pupae in January, the adult insect emerging in February or March. 

The pupa is formed in a cocoon of very coarse silk to which 
are attached pieces of dejul leaf, etc., and the moth is a large, 
unwieldy, reddish brown insect with a large and fleshy abdomen, 
and two small white spots on the forewing at a point one-third from 
the point of attachment and towards the outer edge. When at 
rest it resembles a dead and crumpled leaf to some extent. 

Hypsid^. 

Hypsa alctphron is the only member of this family which 
occurred among the pupae collected. 

The caterpillar of this moth has been found to feed on the 
wild fig or Dumar tree {Ficus hisj)ida) round about Tocklai. It 
and the caterpillar of an allied species Hypsa jkus appear to be 
specific pests of pipal and other trees belonging to the genus Ficus^ 
and according to Lefroy are sometimes so abundant as to defoliate 
large trees “ and, standing below an infested tree, one hears their 
excrements falling in a continuous shower like rain.” IVatt and 
Mann record this insect as having once been found on tea, but the 
occurrence must have been accidental. 

The caterpillar is about an inch and three-quarters long, 
white, with a narrow black band down the middle of the back and 
two broad, black bands down each side. A series of small black 
spots will be observed between the black lines, which spots mark 
small hairy tubercles. The head is large and smooth, reddish - 
orange in colour, and the upper side of the first segment behind 
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the head is horny, and orange-coloured with dark-brown markings. 
The pupa is reddish, and smooth, about an inch long, and is 
generally enclosed in a “ kutcha ” cocoon, made of pieces of dead 
leaf, in the soil 

The moth will be readily recognised. It is of medium size, 
the wing expanse varying from about two inches in the male to 
two and a half inches in the female. The body is orange coloured. 
The front wing is grey -brown, with tlie veins white, one small 
white spot in the centre, and a small area at tlie point of Junction 
with the b{xiy orange with black spots. The hind wing is orange, 
with three black spots on tlie central area of the wing and an 
irregular ro\w of black sjwts near to the rounded hinder margin. 

Pupae collected in February emerged as moths in March, and 
there are probably several broods in the year, for larvae collected on 
the wild fig on the 10th of July became adult by the 28th. 


Noctuiile. 

This family of moths, which includes the surface caterpillars, or 
cutworms, and the semi-loopers, is a very large and important one 
including many serious ])ests, and it is therefore not surprising to 
find it well represented among the pupae collected on tea gardens, no 
fewer than nine si'jecies of this family haying been found. The 
first three speies belong to the genus Agroii^s, the aderpillars of 
which generally behave as surface catcr|iillars, or cutworms, and one 
species of which, Agroiis ypsilon^ is considered to be a serious pest 
in tea nurseries in Ceylon. Tlie life history of these surface cater- 
pillars is somewhat as follon^s. 

The eggs are laid on the stems of low-growing plants or 
grasses, and may laid singly or in some numbers, and one moth 
may deposit eggs for a period of a week or ten days and in different 
places. The eggs hatch in a ])or\od varying from 2 days in the hot 
weather to 9 days in the colder weather, and give rise to larvae 
which at first feed on the epidermis of fallen leaves, under which 
they are generally to be found, but later eat only fresh leaves, 
which they obtain by cutting through the stem at the ground, and 
so felling the plant or part of it. Thus the damage done to the 



186 ON CATERPILLAB CONTROL BY COLLECTION OF CHRYSALIDES. 

plant may be out of all proportion to the amount of green food 
actually eaten. The caterpillars of this type may be readily re- 
cognised from their habit of coiling themselves into a disc when 
touched. The caterpillar stage lasts for about a month, when they 
turn into pupae underground. The pupa is reddisli or rcddish- 
browm, smooth, and about three-quarters of an inch long, pointed 
at the hind end, blunt for^vard, with the segmented hiuder portion 
capable of a certain amount of movement, with a few needles at the 
apex. The length of the pupal stage varies from about 10 days in 
the hot weather to a month or more in the cold w'eather. All the 
pupae, of the three species obtained from the material examined, 
emerged in under five weeks from the date of capture, and moths 
were obtained in January, February, and March, from pupae 
collected during those months. One species {Agroiis descripta) 
^vas found to be parasitise<l by tlie same iclmeumon which w'as bred 
from the Euptevotid referred to above, and also by a fly. 

The adult insects are small, non-descript, dingy brown moths, 
wdth a wing expanse of from an inch and a quarter to an inch 
and a half. 

The next two s|xx:ies belong to the class whose caterpillars are 
are known as army worms, from the fact tliat they may be seen in 
some years going across country in enormous numbers. Most 
planters have probably seen them on tlie move at one time or 
another. At such a time a ‘‘ bund ” road may be covered for lum- 
dreds of feet with a writhing ma.^s of catfaqallars, so tliick tliat not 
a trace of the road can be secai. One of the tw o species recorded, 
Leucania albisiigma^ is occasionally a serious sporadic pest of rice in 
India, and is of not uncommon occurrence ot: graminaceous plants 
of one kind and another. The caterpillar is about an inch and a 
haK in length when full-grown, smooth, striped longitudinally witli 
olive-brown, reddish-brown, and drab, with the underside olive- 
green. It hides during the day in cracks in the soil, and feeds at 
night. 

The pupa is smooth red-brow n, shining, about three-quarters 
of an inch long, very similar to that of the Agrotids referred to 
above. 
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The moth, in the case of Leucania alhistigma^ has a wing 
expanse of about an inch and a half, the front wings being of an 
ochreous or brownish-ochreous colour with obscure, non-descript 
markings and a small distinct white spot near the middle, the hind 
wings smoky. That of Leucania decisissima is smaller, havint^ a 
wing expanse of an inch to an inch and a (quarter, the front wing 
straw-coloured, splashed and dotted with brown, the posterior 
tw^o-thirds of the hind wdiig brown. Z. decisissima is not com- 
mon, having been received only once, in February, the moth 
emerging from the pupa in the Siirne month. 

Z. alhisiigma is commonly received. The puj^il jx^riod is com- 
monly less than a month, but one case occurred of mot] is emerging 
in April from })upae collected in February. It is parasitised by an 
ichneumon, and b}^ a lly w hicli ajjjxars to lx identical watli that 
found to parasitise Agrotis descripta. 

Arcilasisa plagiaia is also of common occurrence among the 
pupae collectal in forking. The caterpillar of this moth commonly 
occurs on indigo {hidigofera arrecia) and other iiidigoferous plants, 
and may lx regarded ' as a potential pest ol; any such jilant used 
for green manuring purposes. The eggs are laid on the leaves of 
the plant, and the larvae arc at lirsL gregarious, but later spread. 
When full grown the}' are from an inch to an inch and a half 
long, with a few^ saittcred dots. 

The pupa is of a similar character to that of the Isoctiiids 
previously referred to, but bigger, being about an inch in length. 

The lulult moth is likc^vise larger, liaving a ^viug expanse 
of two inches or more. The fiTint half of the body is drab in 
colour, the latter half smoky. The front wings are also ili-ab, 
with a pale area, boundeil by an indistinct narrow' brown broken 
line, at the point of junction w ith the bal}', a large irregular 
brown blotch at the centre of the wing near the outer edge, and 
an indistinct wavy thin yellow' line be}'oud, witli a smoky patch 
beyond it. The hind wings are smoky. 

The young caterpillars of the last brood of the season were 
found on indigo in November. Tliese turned into juipae in 
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February, and the moths emerged m March. Pupae were received 
from December to February, and emerged over a period extending 
from February to A|)ri], 

Spirama reiorta is the next sjmes. This, though apparently 
common, we know little or nothing about. The [>upa is sinular in 
type and general {ipjx'arance to those of the preceding, but larger 
and more robust. The moth is of striking appearance, and is pro- 
bably likely to be misfciken by the uninitiated for a butterHy. With 
a wing expanse e(|ual only to that of Arcilasisa^ it is yet a much 
larger insect, owing to the brcrdtli of its wings. The general 
colour is brown, paler at the edges, and Avith mirvou’, wavy brown 
and black lines at the extremity of the front Bung. In the centre 
of the front ^viug is a large black mark rather like a comma, wliich 
is exceedingly prominent and (juite distinctive. The alxloineu of 
the body is crimson, ^\'ith triangles of jet black on the centre of 
the back on each segment except the last, decreasing in size towards 
the hind end. There are several varieties of this moth. One 
variety is similarly marked, but lighter in colour. Another variety 
has the comma much reducal, audAvith three lobes. In yet another 
variety the threedoM comma is re<luce<l to three spots. Moths 
emerged from all tlie pupae received, save one, at tlie middle of 
March. That one emerged in February. 

Spirama {Enmonodla) vesper tilio is a still larger moth than 
Spirama retorta^ of similar build, with a wing exjxinse of three 
inches. The general colour of the moth is drab with the head and 
shoulders chestnut brown, the latter half of the body and tlie fringe 
of the hind wings the colour of yellow ochre. The general shade 
of the wings gradually darkens to the liind end. The markings are 
indistinct, and consist of a diagonal brown line crossing both fore 
and hind- wings, three small black .spots within the diagonal line on 
the forewing, and an indistinct series of small black spots on the 
other side of it. This moth is not so common as the previous one. 

The pupa is very similar to that of Spirama retorta^ but a little 
larger. 

One other Noctuid moth was received on one occasion only. 
It is a very small grey moth, and a|jpareutly ver}^ rare. 
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This fjimily includes the looper cT.terj')i]lars, so-called because, 
havin^^ no prolegs in the middle of the body, they are constrained 
to progrc^ss by dra^ving the liind end close u]> to tlie forc-(md, thus 
forming tliemselvcs into a loop, and then, Avith the hind end 
attached, extending the fore-end to take a fresh purchase. 

Seven different 8|XK?ics oa-ur among the pupae collected on the 
particular garden imd(‘r reference at the time of forking. 

Buton mp])rt^^^nTia is the common looper aiter|)illar of tea. 
This pest used to be \'ery bad on this particular garden, and even 
now the caterpillars and motlis are very often to be seen, but it 
never occurs in sufficient numi)ers to do any appreciable damage. 

An account of tliis moth, and of its life liistorv, ^vith dc^scrip- 
tions an<l figures of the various stages, has alread}' l>een given in 
Part I of this Journal for 1911, and tlie etncrgencies of the insects 
from the ])upae correspond Avith ithe dat(^s there given for the 
commencement of tlie first brood. There can be no doubt of the 
value of systematic collection of the chrysalids at the time of forking 
as a means of control of tliis post. 

The icheumou i);u-asitc fi<j-uiT(l by Antivmi lias, of course, not 
liee.ii found amongst the pupae brought in, since it emerges from 
the caterpillar before pupation, but a parasitic lly has been br«l 
from the pupae. 

Hkton bengaliaria is a looper closely allieil to the common 
looiKir, liut may lie looked upon as a rarity, sincxi only one specimen 
has so far bccii foun<l. The moth is smaller, though of a similar 
ground colour to Bkton siippressaria, and can be readily distm- 
Jniahcil by the fact that tivo narrmv dark transverse waved lines 
divide the front wing into three areas of which the centre one is 
grey, the other two grev s,ilashc.l with dirty yellow, while a similar 
line on the hind wing divides the latter into two are.as, of which 
the outer one is smaller, and grey splashtnl with yellow, while the 
inner one is grey, with a circular black s]iot at the centre.^ The 
expanse of the wings in this siieoies barely e.xtends to two inches. 
The pupa received turned into a moth by the middle of February. 
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February, and tlie moths emerged in March. Pupae were recelvol 
from December to February, and emerged over a |)eriod extending 
from February to April, 

Spirama retorta is the next s|)ecies. This, thougli apparently 
common, we know little or nothing al)Out. The jaipa is similar in 
type and general ap|x^arance to those of the preceding, but larger 
and more robust. The moth is of striking appe^irance, and is pro- 
bably likely to 1)6 mistiiken by the uninitiated for a biittertiy. With 
a wmg exj)anse equal only to that of Arcilasisaj it is yet a much 
larger insect, owing to the breadtli of its wings. The general 
colour is brown, paler at the edges, and ^vith narrow, wavy bro^vn 
and black lines at the extremity of the front wing. In the centre 
of the front wing is a large black mark rather like a comma, which 
is exceedingly prominent and (piite distinctive. The alxloineu of 
the body is crimson, with triangles of jet black on the (centre of 
the back on each segment except the last, decreasing in size towards 
the hind end. There are several varieties of this moth. One 
variety is similarly marked, but ligliter in colour. Another variety 
has the comma much roducal, and \vith tliree lobes. In yet another 
variety the three- lobed comma is reduced to threi^ spots. Moths 
emerged from all the pu])ac receisx^d, save one, at the middle of 
March. That one emerged in February. 

Spirama {En77ionodia) vesper tilio is a still larger moth than 
Spirama retorta^ of similar build, with a wing ex|>anse of three 
inches. The general colour of the moth is drab with the head and 
shoulders chestnut brown, the latter half of the body and the fringe 
of the hind wings the colour of yellow ochre. The general shade 
of the wings gradually darkens to the' hind eml, Tlie markings are 
indistinct, and consist of a diagonal brown line crossing both fore 
and hind- wings, three small Hack spots withiu the diagonal line on 
the forewing, and an indistinct series of small black sjxjts on tlie 
other side of it. This moth is not so common as the previous one. 

The pupa is very similar Uy that of Spirama reioriay but a little 
larger. 

One other Noctuid moth was received on one occasion only. 
It is a very small grey moth, and apparently ver}’ rare. 
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Gkometridx. 

This family iiicliKles the looper cater[)lllars, so-called because, 
having no prolcgs in the middle of the body, they are constrained 
to progress })y dra\ving the land end close up to the fore-end, thus 
forming themselves into a loop, and then, with the hind end 
attached, extending the fore- end to hike ii fresli purchase. 

Seven different s]x^cics <x:cur among the pupae collected on the 
jwtieular garden und(‘r reference at the time of forking. 

BiMon snpprcs^^nria is tlu^ common looper caterpillar of tea. 
This pest used to be very bad on this particular garden, and even 
now tlie cat<a*]nllars !ind rriotlis are very often to be seen, but it 
never occurs in sufficient numl)ers to do any a]>pre(:“iable damage. 

An account of tliis motli, and of its life liistorv, vdth descrip- 
tions and figures of the various stages, lias already lx‘en given in 
Part I of this Journal for 1911, and the emergencies of the insects 
from the ]>upae correspnd with ithe <lates there given for the 
commencement of the first brood, Tliere can be no doubt of the 
value of systencitic collection of tlie chrysalids at the time of forking 
as a mciins of control of tliis pest. 

The icheumon pnrasiro figured by Aiitram lias, of course, not 
been found amongst tlie pupae brought in, ^^ince it emerges from 
the (‘aterpillar before piqiation, hut a parasitic tly has been bred 
from the juijiae. 

Bision hengaliiria is a hooper closely allied t(^ the common 
looper, but may I>e looked u]vm as a rarity, since only one specimen 
has so far been found. The moth is smaller, tliougli of a similar 
ground c(dour to BiHon suppressaria^ and cun be rea^iily distin- 
guished by tlie fact that two narrow dark trans\'ersc waved lines 
divide the front wing into tlircc areas of whkh the centre one is 
gi-ey, the otlier t^vo grey spkvshed with dirty yellow, while a similar 
line on the hind wing divides the latter into two areas, of which 
the outer one is smaller, and grey splaslied with yellow, while tlie 
inner one is grey, ivith a circular black spot at the centre. The 
expanse of the wings in this s|X}cios barely extends to two inches. 
The pupa received turned into a moth by the middle of February. 
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Boarmia seknarta is another looper which is not uncommon. 

The caterpillar is a typical looper, about two inches in length 
when full-grown, and varying in colour from light green to brown. 
What it feeds on, on the tea garden, is not yet known, probably on 
the trees, for Stebbing has reported it as an occasional pest of sal 
(Shorea robusta) in the Siwalik ranges. 

The moth is gi'ey, hut a whiter grey than the looper, and is 
smaller than that of Biston hengaliaria^ having a .wing-s])rejix3 of 
barely two inches. The markings are often very indistinct, but 
it is generally possible to deserve, at about tlie middle of cncli wing, 
an irregular lozenge-shaj^d pale spot until a dark edge. Pujiae of 
this moth have been received in different jTars in tlie month of 
February, and the time of emergence lias varied from February 
to April. 

Boarmia acacAaria is more common than tlie previous species, 
to which it is closely related. 

The caterpillar feeds on leguminous trees, and oa^asionally on 
Soiiaru {Cassia fistula) in sufficient numbers to rlo damage. 

The moth is smaller tlian that of Boarmia selenaria^ having 
a wing expanse of but an inch and three-quarters. The ground- 
colour is grey, but a wavy transverse line across each wing a little 
beyond the middle marks off an outer area \sdiich is much suffused 
with brown, and tlic hinder ])art of the .ilxloinen is also brown. 
Looker! sit from the underside, the inner part of esich wing is 
dirty white, unth one brown spot on it, while the outer area is 
brown. Adults emerged from })U]iae of this moth in February 
and March. 

Medasina sir ix aria is another rarity, only one specimen of 
which was received. 

The moth is similar in size and shape to that of the common 
looper, but grey -brown in colour. The fore- wing is marked with 
an oblique wavy pronounced dark-brown line, with a brownish 
suffusion beyond it, and the hind- wing has a wavy narrow brown 
line across it just beyond the middle. The specimen received did 
not emerge as a moth until April. 
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Erebomrpha fulgurita is a very striking moth, but although 
it is apparently far from common, nothing appears to be known of 
its life- hi story. 

Tt is larger than the looper, having a wing expanse of three 
inches. It is black browm in colour, and when sitting with the 
wings closed is triangular in shape, with a bold white triangle on 
its back, the two sides of which are broad white lines, the base of 
which is a narrow white line. When the wings are spread open 
the broad white lines are seen to traverse the front wing diagon- 
ally from the tip to the body, and to be continuous with a broad 
white band across the back,' the head and shoulders being dark 
browm, while tlic hinder part of the Ixxly (the aMomen) is b^o^vn 
on the back, dirty orange at the sides. The hind wing Is the same 
brown-black, somewdiat sjxxkled in ap]>earance, witli a broad white 
curved ])and across it outlined beyond by a strong dark brown line, 
and irregular s])lodgcs o£ ta^vnv and brown beyond, with an irregular 
narrow white band. The outer edge of the hind wdng is not 
evenly cur\'ed, but is j^rcxhiccd at a s]wt about a quarter of the w^ay 
back, the projection l)eing white. 

This moth einorges from the pupa in March and April. 

Abraxas sylvata^ the last of tlie loopers, is not common here, 
ns only one s|)Ocimen was received. 

Tfie moth will lx‘ readily recognised by an3’one acquaiiiteil 
with home insects as a relative of the conimou curraiit moth of 
England. It has a wing ex]>anse of Jin inch and three-quarters, 
and is white, s]>otted with re<I-browu and washed-out black. Its 
food plants and life- hi story are not yet known. 

The motli emerges in March. 


Tineid.e. 

Last, but by no means least of the pupae collected, was that 
of the well-known Sandwicli caterpillar, Agriophora rhomhoia. 

The pupae of this moth may be readily distinguished in a heap 
of mixed pujxie by the fact that they wriggle the hind end of 
the abdomen whenever disturbed. They are about half an inch 
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long, jet black, and very glossy, the fore- end bluntly rounded, 
the hind end tapering quickly to a jioint, segmented, and exceed- 
ingly mobile. 

The life- history of tins pest of tea, which is only too well 
known in places, has already ])een dealt with in Watt & Mann’s 
“ Pests and Blights of the Tea Plant,” and by Antrani in Part I 
of this Journal for 1912, 

The small, dirty -udiite moths emerge from the pupae in 
February and March. 

It is significant that now -a -days no mention is ever made 
of Sandwich caterpillar as a pest on this garden, though in 1912 
it was fairly plentiful on a small area. Since 1914, however, 
no pupae of this pest haxQ been received, so that it has now become 
comparatively rare. A fiuther feature of this pu])a is that it 
seems to survive the knocking about in transit, and the removal 
from the soil, to a less extent than most otlier pu])ae. ^lany of 
the pupae received, of all kinds, fail to emerge as moths in the 
laboratory, as tlie knocking alx>nt they receive IxJore arimail is 
considerable, but in the case of tlie Sandwich cat(‘r pillar very 
few pupae give moths. 

Mention must Ixi made of another type of puj)a ^v.hicli is 
commonly brought in with the moth chrysalides. 

This is a long, narrow, cylindrical olqcct, in length from half 
an inch to an hich according to the s])ccies, slightly narro^ved towards 
and bluntly rounded at each end, with an a}j|K:‘:irance of being com- 
posed of a felted mass of fine l)rowii hairs. These are piq^ac of para- 
sites of various ai ter pillars, and belong to a family of Tcl men mens 
known as Ophwninrn. Theoretically, one would like to have these 
left in the ground, while other kinds of pupae are collected, ])ut 
practically it has not Ix^en found possible to |)ersiiadc the children 
to discriminate. So far four species of these have been collected, 
and one of these has been found to be parasitised by another 
ichneumon, so that the principle of “ little fleas and lesser fleas ” 
applies in this instance as in others. One would not, therefore, 
advise any a^mpt at discrimination, but collect everything, and 
hope that parasites collected are themselves parasitised. 
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In illustrating the pupae described al>ovc only one, typical of 
each family, has been illustrated, and those only by outline draw- 
ings. It is seldom possible to identify pupae with certainty, but 
an ac(|uaintance witli the general outline of the ty[)e of co- 
coon typical of each family will help one to decide whether the 
pupae being collected are likely to be those of pests of the jungle, 
of the paddy in the hocdalis, of green manures and shade trees, 
or of tea. 

It may l)e argued by some that this article is of little or no 
pi-Jictical value, since the ide^^ being to collect everything, a know- 
ledge of ^vhat is being collected is of little or no importance. That 
is as may be, but the object of this note is neither to educate nor 
instruct, but to intt*rest. One constiintly finds it necessary to 
emphasize the fact that the essential necessity for effective control 
of our insect pests is that all measures attemptal should |je done 
thoroLiglily. This applies to all measures as yet recommended, 
from spraying to thiillying. \\ hen a tea-busli is sprayed it is 
the few lea\'es left unsprayed ^vhicli account for the inefficiency 
of the o[)e*ratioii. When a tea-hush is swabbed >vith soda-wasli, 
it is the crevices into which it is ditiieiilt to get the swab which 
coutiiiu most of the scales and mites, and lack of thoroughness 
in ap[>liciitiou may render the whole opcTation fruitless. Similaily, 
when a child has collected sufficient chrysalids to bring in so many 
pice, it is od<ls on his com[)letliig Ins forking ‘ uerriek,’ ^vithoiit any 
attempt to collect more, as every planter knows. These control 
measures, unfortunately, are as yet regardal by the majority of 
planters as faltuo jobs,” and a nuisaiia^, and as such little inter- 
est in them is often eviuccil save for the fact that doling out the 
pice may make one late^ for tenuis. It lias been the same ^\ith 
all iuiiovutions. The present writer, though still a chhota-sahib, 
can remember a time when the majority of planters hwl little 
faith, and less interest, in manuring, with the result that thousands 
of rupees were wastal annually through manures being applied 
on any old place at any old time any old how. At the present day 
most planters discuss manuring even during their hours of recrea- 
tion with a zest and with an intelligent appreciation of its relative 
merits and demerits under different circumstances wliich shows 
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that they take a lively interest in the subject. The result has 
been increased returns for the money spent, and time and labour 
is more judiciously exj^ended. 

One looks fonvard to the time when the same may be said 
of insect control. Once planters begin to take an interest in the 
relative value of each measure for different pests, to endeavour to 
discover what particular species is peculiar to any particular part 
of the estate, how it varies from year to yei'ir, and above idl, 
what particular insects are there which arc not doing any damage, 
and why, we shall attain to a thoroughness in the carrying out of 
control operations which >viU lead to a far bigger return for time, 
labour, and money expended. 

This article, therefore, is an attempt to arouse interest in 
one of the nmst valuable measures for the control of caterpillar 
|)ests, a measure whose value is greater in prevention than cure, 
and in which it is as imjxu’tant, if not indeed more so, to take 
a keen interest when the need for it seems to be least 



THE DOOARS SOIL SURVEY, 

P. H. CARrKXTEK, F.I.C., F.C.S. 


The Doofir?? ainl Torai is a subtropical area situated close to 
tlie foot of the hills of the Hiinaluyns along the northern boundary 
of Bengal and is boundfd on tlie Y’est by Nepal and on the East by 
Assam. The width from North to Sonrli is apja’oximately 20 
miles. It is a long narrow strip of land witli the direction of 
slope at right angles to its longitudinal axis. Several rh’crs break 
out from the hills and cross tlu^ area and, o^ving to the slope 
of the laud are in the rainy season \ erv rapid, carrying large 
quantities r>f matter in suspension. The de|)osits from these 
rivers have caused in the past de])osition ol much of the present 
land in the district and as might l)e expected there is a correlation 
between the soil and the hills toAvards tlie Nortli. Tlie soil that 
has been so deposited is of a sandy or silty nature and comprises 
tlic larger part of the soil in this district. There is hoAvever in the 
West centre of tlie Dooars an entirely different type of soil known 
as the Red Bank whicii is a higli ]>lateaii, much above the level of 
the sandv soils, and extends from S^dee in the \\>st to Chensrmari 
in the East. This Red Bank soil is as the name im|)lies of a red 
colour. It is of a claye}* nature and has every evidence of being 
of very great age. There are then two main classes of soil with 
a distinct line of demarcation lietween tlicm. They will be 
considered separately in detail. Before however proceeding to do 
so a brief summar\' of the more important geological data is given 
its this affords information concerning the nature and cliaracteristics 
of the soils. 

To the North of this district are two large masses of gneiss, 
situated one in the vicinity of Darjeeling, and the other on the 
Eastern side of the Teesta valley. Between the two is a long 
narrow area extending from Tibet in the North in a southerly direc- 
tion to the plains which consists of rock of a secondary formation 
and knownlas the Baling clay series. This is of old formation 
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and probably belongs to tlie archaeau geological formation 
Mdiicli is the oldest kno^^'n. Through the centre of this strip rune 
the valley of the Teesta, Towards the South, the Baling clay 
spreads out in a fan shape and occupies the area immediately to 
the South of the gneiss and forms a band of varying widtli from 
East to West comprising the knver sub -Himalayan ranges. This 
rock reaches to the foot-hills and abuts the Dooars plains at that 
part where the Red Bank soils are found. Througliout the remain- 
ing area the foot-hills running East and West consist of tertiary 
sand- stone with here and there small areas of dolomite rock haviim 
the same easterly and ^\'estcrly directions. The dolomite rock is 
found in the foot-hills to the North of the area enclosed by the 
Toorsa-Dina river. s and again near Jaintia. In addition to the 
dolomite rock, tufa is found in man}’ scattered places througliout 
the tertiary area. The soils in the neigh liourhood of the tertiary 
sandstone rocks consist largely of sand but the rivers have their 
source in the regions beyond and consequently they also carry in 
su&iiension the detritus of tlie gneiss and Baling clay, witli tlie 
result that the deposits which form the soils are of a very mixed 
nature, and peculiar tyjies of soil are found. 

The rocks from which the soils are formed are of a siliceoiiB 
nature and contain the common mineral silicates as liorn- blende, 
quartz, felspar, mica, etc. 

Soils formed from siicli inaterial naturally }>ossess similar 
pro|X^rties and are all siliceous and acid in character. The dcgr(‘e 
of the acidity varic*s with tlie degn^* of fmciiess of the soil consti- 
tuents. The weathering of such rock ])articles in situations sub- 
jected to high t(‘m]H‘rarure and heavy rainfall, which conditions 
pertain throughout tliis district, results eventually in the formation 
of later ite soils. Througliout tlie whole of tlie are<a under 
consideration the climatic conditions are similar altliough rainfall 
is heavier the ru^arer an approach is made towards the lulls. Tlie 
average for the district a{)proximat(^s to 200 inches annually. This 
is however not evenly distributed hut is prtKiipitated almost entirely 
during the south-west monsoon period from June to September. 
Boring the remainder of the year but little rain falls. The ten> 
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pcruture during No^•eml,er to Mnrcli is cool and the relative 
humidity low. In April and M.-u- the temperature rises and the 
diij-s are hot and dry. During tlie monsoon jjeriod both tempera- 
ture and relative Imniidity are higli, the latter being on an average 

at about 05 % during the whole of the period, with occasional falls for 
a few days. During this tvet period, (;ouditions are sueli that vege- 
tation grow.s luxuriantly. Throiighoiir, tlie district the chief form 
of agriculture is tea growing under the control of limited lialiilitv 
coiiipiatiies both liritisli and Indian. 'I'liere is no village cultivation 
of tea. real ards the Itastern end cil tlie Dooars teagriiwing is not 
curled bi.yoiid tlie Siuikos river and a stretch e>f jiinele exi.sts 
Ixitween here and the Assam Tea. Towards the West tea is 
grown up to the Nepal frontier. Tlie v hole of the district is well 
suited for tea as is evidenced by tlie appearance of that growing in 
the district. 


Red Bank Soil. 

This soil extending from the Lehti rim in the West to the 
Dina in the East is a very old soil that lias undergone a considerable 
amount of weathering as is evidenced by the high percentage of 
clay and aluminium and iron oxides present. 

Clat. 



Top Soil. 

f ^up.i^oil. 
i 

CarroD 

^ 34-4? 

! 42 76 


i 37*71 

j 

Hope 

30*22 

32-32 

Killcott 

3'J-S4 

33-yo 

S^'lee ... 

32-06 

1 

Jiti 

28-20 

! 36 55 

Kuril ... 

37-33 


nhugotpur ... ... ... ... 

27 83 

27-20 

NagfHkHta 

34-24 

38-67 

Ohiitia Jhalia 

30-64 

i 35*80 

Napaiauree 

31-24 

35 62 

Nya S} lee 

40 07 


Meenglae 

37-14 

! 35-32 

Indung 

28-74 

1 27-44 

Zurrautee 

3o-21 

i 26 70 

Chalouni ... ... ... j 

28 47 

3162 

Lookeau ... ... ... ... 1 

31-52 i 

i 

Sathkyah ... ... ... ... ! 

36*‘'6 


YoiigToDg ... ... ... ... j 

3M7 
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Alumiua. 

Iron Oxide® 

Nedtjeiu 




]0'96 

6-27 

Irulong 




0'92 

6 '41 

ChalouQi 




12 G8 

7-19 

Kumai 




11-56 

6 58 

Bhogotpur 




1247 

! 6 99 

Hope ... 




1 11-84 

! 7 28 


Vide' Dr. Mann's “ Tea Soils of Norlli-Last India.;’ 


Originally it probably of a much more sandy nature as 
is evidenced by the amount of coarse sand still present in some 
of the soils. 

Coarse Sand. 


Chaloani 

KillcoU 

Indong 

Jiti 

Zurrantee 
Nagaisuree 
Meenglas 
long Tong 
Hope ... 


j Top Soil. 

Sub-Soil, 

24-26 

24-88 

31-41 

26 62 

23-80 


22 95 


30-45 


23-71 

25-73 

21-67 



‘dl'oS ' 

; 23 82 


The Red Bank Is dec]) red in colour and corresponds 

with the old alluviuin or hhnnijar of the Indo-Gangctic plains with 
which it w^as at one time probably a part, wlien it extended in an 
easterly direction into Assam W’hcrc it now only occurs in isolaUid 
areas. It is like the hhanyar ahvays at a higher k^vel than tlie new 
alluvium and in the Dooars the edges are either almost cliff-like or 
with very steep slopes and it would seem that the portions uow^ 
remaining are the remanent left from the effects of denudation and 
erosion. As a .sub-soil it is fouml at great depths in various ])art of 
Bengal Tlie level of the old alluvium in the Dooars is possibly 
the result of upheaval at the time of formation of tljc Himalayas a!id 
its low^ level in parts of Bengal is owing to subsidence. The sloj)e 
of the land in the Dooars gives support to this. The portions of 
the old alluvium remaining as surface soil are characterised by their 
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stiffness, and this doubtless acxjouuts foi* tluHr not having been 
eroded away entirely. 

An examination of the data of the nieclianic tl aiialvses shows 
that one of tlie chare teristics of this soil is the small quantity of 
fine sand, whether the sample be of the liglitest or heaviest type 
representing this soil. It is almost always present in less quantity 
then the coarse sand as the following table shoAVs ; — 



1 Top Soil. 

Sub- Soil. 

Soil. 






Coarse Sand. 

Fine Sand. 

Coarse Sand. ’ 

i 

Fine Sand. 

r 

17-64 

13-81 

21-95 

12-69 

i 


15-89 

18 37 

IMG 

Cbalouni 

1 


i 12-53 

13 92 : 

8-75 



19-55 1 

11 11 

j 



20 02 ! 

7-40 

L 


i 

1 

11-85 

Zurrantee ... ... | 

i 

19-93 
18-96 I 

6-87 

9-41 

21-01 

9-37 

( 

10-90 

11-59 



Kurti ... ... i 

10-40 ! 

11-52 



1 

10-53 

7-81 



f 

17 51 

9-62 

20-18 

8 54 

Killcott. ... ... / 



25-04 

13-88 

i 



26-62 

13-45 

Nagrakatta ... 

6-76 

7-47 

5-45 

6-88 

{ 

23-30 

9-67 

14-90 

7-22 

Jiti ... ...i 

20-44 

10-71 

1604 

7 31 

1 

16-93 

8-54 

18 53 

7-65 

r 

1 

14-41 

7-S4 

12 41 

6-52 

17-06 

8-60 


6-06 

Hope ... 

1 

12-82 

8-60 

11-33 

7-39 

14-14 

10-85 

11-15 

I 7-37 

L 



16-93 

6*74 

r 

1 

19-99 

8-30 

23-26 

7-38 

27-27 

9-16 

22-31 

9-22 

Magahuree ... 

t 

23 67 

7-50 

17-73 

8-11 

22 88 

16 18 

25 73 

14 06 

1 

23-71 

14-68 

22-87 

1600 

1 

Jndong ... ... 1 

2 1 -30 

13 34 

21 30 

13-34 

22-14 

1177 


Sjlee 

15-51 

1134 
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Soil. 

Top 

Soil. 

Fine S^uid. 

SUB'SOIL, 

! 

Coarse Saiul. , 

1 

Coarse Sand 

Fine Sand. 

Nya Sylee ... ... -| 

1.Y02 

i 

6-22 j 

7-34 

R-f)6 

5-67 

4-66 



Looksan 

1 

UJ-14 

8-30 



Sathkyah 

cb 

10-41 



f 


8 32 

12-79 

8.50 


14-72 

8-26 

li'61 

7-26 

Carrot! ... ... < 

15-87 

y-23 

9-44 

7-58 

(j 


1 

13 49 

7-14 

r 

18-74 

1 

4-74 



i 

13-80 

8 10 


j 

Chengraari ... 

i)-35 

7 75 



1 

16 Oj 

5-60 


i 

1 

15-84 

808 


( 

f 

21-55 

j 6-35 


i 

i 

Yong Tong ... k 

22-y3 

1 9-86 



1 

20-33 

1 10-46 

i 


i 

i 

1 

16-40 

i 

12-71 

17-54 

; 12-49 

! 

21 67 

13-70 

14-97 

! 1266 

Meeoglas ... 

16-73 

15-51 

13-23 

‘ 10-77 

i 



n -00 

i 9 67 

1 



13-70 

j 18-65 


The soils of the Red Bank show two extreme types which 
may be represented as 1, 5 and 5, 4 types {vide “ Suggestions for 
the Manurial Treatment of Tea Soils ” — Hope and Carpenter, 5 
representing clay and 4 fine silt, the other numbers having an 
unaltered significance) and these two types gradually merge from 
one to the other. The variation from one extreme type to the 
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other can be bc?^t shown in tlie form of a diagrammatic curve re- 
presenting the amounts of tlic vai’ious factors. 


Fl(g f 



CO^RSC Fixe s«r Fixe. Ct-iy 


The continuous line sliows a soil of tlie types 1, 5, 4, 2, 3 as 
found, for iustancej at Chalouui, Indong, Killcott, Zurrantcc, Jiti 
as the lightest type of the Red Bank soil wliereas the dotted line 
represents :i soil of tlie t}|)es 5, 1, 4, 2, 3 as found at ludong, 
Nagaisuree, Killcott, difi, Zurrantcc. A further lowering of the 
dotted line at the coarsi' sand en<l and raising of the clay would 
result in a soil rcpreseutCEl in the extreme ease by tlie types 
5, 4, 3, 2, 1 which soils are to be fonu<l at Knrti, Meenglas, 

Nva Sylee, Nagrakatta, It ivill bo noticed that no great alteration 
is necessitated in the amount of fine sand, silr, and fine silt present. 
The change can be riipresented as a twisting of the curve ujxin 
its focus. It will, however, be noted that the degree of cunuature 
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of the curve cau be altered and from one of high curvature it can 
vary to a horizontal straight line in which case all the soil fractions 
would be present in the same amount. Such soils are not found 


on tlie Red Bank, and very few that even approximate to such 
a type. A very roughly approximate instance occurs in Meenglas, 


Coarse sand 
Fine sand 
Silt 


Fine silt 
Clay 


16-73 

15-51 

14-10 

19-81 

26-58 


This represented diagrammaticiilJy shows tliat the curve is 
flattened and tends towards a horizontal straight lifie Avhen compared 
with the curves sho^^ n above. 



percentage: of fractions 
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Some of tile noils are tajt so simple la coustitution and there 
is a (lass jtosscssiu;^’ silt eoutent the curve of which is of an 

catirelv dillVa’eiit as slu.o\-u in Fie. 3. 



COARSe fine: ZiU FiNE CESY 

SANO SANO SfLT 


This! is due to tlie miuer. Is loiitaiiu d in tlicse soils. It would 
sceiii that there is cousideralde resistance to weathering beyond 
the silt stage but that wlieii the minentls do break down they do 
so rapidly to the clay stage. Soils of this type! are to I:k? found at 
('liengiuiiri, (lialouni, Xya Looksan, Sathkyah, Chulsa and 

Znrrantee. Tlu' ai)ove ligiin s rcjaascnt in diagraiuinatic form aU the 
(lassos (1‘ lied Bank, old alhn iuin soils that;are found in the district. 


Tlic 

soil \\;is 

the sanu' mal it is 

dilfeiaaiccs 

ill tlu 

n^eathering that 

CUISI 

; t]illVrenc(‘s n<nv in t!ic soil 

The luerage 

)ld alluvium soil 

would ] possess 

a mechanical aiialys 

s as given 

below 



( oar 

se sand 



21-0 


Fine 

sand 


... 

10-0 


Silt: 

. . . 

. . . 


14‘0 


Fine 

silt 

. . . 

. . . 

18-0 


(Jlav 

. a 1 

t a • 

*•. 

26T 
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and ’svouid be repvescuted by soil types 5, 1, 4, 3, 2. The lightest 
(H’ sandiest t 3 'pe is represented b}’ tlio soil types 1, 5, 3, 2, 4 and tlic 
heaviest by r]ie soil ty[)es 5, 4^ 3, 2, I, 

The Red Bank soil area ef the Dooars can be divided into , 
tliree parts : — 

I. — An area behveeii the Lehti and Xcora rivers wliere no 

tertiary sandstone format K<n exists between the Red 
Bank soil and tlie Daling clay formation. 

II. — An area lietween tlie Xeora and Jaldacca rivers. In 

this area tlicre is pia'sent tortiar}^ sandstoiu* forma- 
tion separating the Red Bank soil from tlu^ Daling 
clays of the Himalayan zone. 

III. — An area between the Jaldaccvi and Dina wliere the 

Red Bank soil abuts on the Daling clays there being 
no tertiary sandstone formation. 

I. Tehd-Neora area , — In this area are found soils varying 
in type eonsiderably from the lieavy ty]ies 5, 4. 3, 1,2 to o, 1, 3, 

2, 4 to 3, 1, 5, 2j 4 and tlie district generally aniuot be considered 

as being ciiaractei'lsed by any one particular ty|)e of soil but it 

is to be Uf'jted that the 1, .A 3, -}, 2 tv]tes lias not been found to 

occur. 

II. i\eora-Jaidacc(( area. — \\ hll>t: both ]iea\y and liglit 

types of soils otrur in this district yd the lighter typ(‘ of soil 
represented by 5, 1, 3, 4, 2 to 1, 3, 3, 2, 4 arc cousiderablv more 

in evidence and the heavy type 3, 4, 1, 3, 2 is not so ja’cvaldit 

tuid but few instances of a 4, K 5, 2, 3 types (xcur. 

TIT. Jaldaecn-Dina are <(, — In tlu^ area, then^ is a noticeably 
small number of iiistaiiee- in which soils of rho 3, I, 4, 3, 2 and 

3, 1, 3, 4, 2 tyjes occur ;md ila* more g<‘nerally occurring soils 

are those of the 3, 4, 3, 3, 1 and 3, 3, 4 tvjK'S. 

These districts can then in gviioral terms be shown to possess 
types of soils that can he comiedcd witli the presence or absence 
of tertiary sandstone fraMi'i.dou immediati ly se])[ii'aTiug tliem from 
the Daling clays. The two districts where the tertiary sandstone 
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is absent })Ossess g-euemlly a hoavier soil tliuu the di, strict Xeora- 
JaldiicciL wliere a tertiary saudst^jae fonniitLoii occurs. 

Tiie following tables sliuw the distribution throi^eitout tlie 
Red Bank iireii ol tlie various types ol soil, tor tliis purpose and 
to save unnecessary coinplivatioii the two smallest fractious of the 
soil have been ignored and only the three major fnictions have' 
been taken into Jiecount. The names of the tea gardens where 
each sr)il type occurs is given : — 


Soil Tvim 5 , !, 


Hope. 

Kiirii. 


Nva Sv!e? 

Bho^otpur, 

Ch ai'i Jliali 

>iaLrrjikatta. 



Soil 

Tyi'j: d, 4, 1. 



Clialoujii. 

Hope. 

Jiti. 

Killcott. 

Sylft0. 

Ziji 




Soil 

Tvpl d. 1, 4. 


eliti. 

Killcott. 

Meenglae. 

hidoDg. 

Nagait^nree. 

Zurrantee. 


Soil 

4’vja: d. 1. :h 


MeetigliiH, 

Zuira’iice. 

Yong 

Cliengir.aj 


SiiIL 

4'YI'K d; d. 1. 


CheiigDiari. 

Cluiluutii. 

Nya Sylee. 

Look^an. 


Soil 

Tyi’E d, ;■), 4. 


Nyu Syleo. 

Chengmari. 

Satiikyali, 

ChuUa. 


Soil 

TyI’K ij ], d. 


Puttajhora. 

MeoDglis. 

Uliulouiii. 

Hope. 


Soil 

Tvi’e 1, 0, 4. 


Chalouni. 

KillC'jU, 

UiJoog. 

Jink 


Soil 

Type 1, 4, o. 


Jill. 

Chalouui. 

Zurrautee. 
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Other tyjios oP s<n] recur but are not oP u'eneral distribution 
as for instance : — 


4, 5, 1 type occurs at 

Clialonui 

5 1 

x-fj ^ ,, ,, ... 

Xagaisureo 

S 4- 

5? >? r> • • • 

Ililla 

1 ^ T 

,, ,, 

Lo(^ksan 

3,], 5 , „ ,, 

Soonguchi and ludong. 

Tn many of the gardens of this art‘a 

are to bo found soils 

that are not of tlic (dd alluvium lyp(^ but 

are of tlio ii(‘w alluvium 

and have been dep( sited at a comparatively recent date and are 

the detritus dej>osited fiv im the jircsent dav 

streams. To tins class 

belong soils such as rhnse of the following 

types : — 

1, 2, ;i 

»Satlikyah. 

1, 3, 2 

Soougaelii. 

3, 1, 2 

Yong Tong. 

o, 4, 1 

Cliulouni. 

1, 2, a 

Killcott. 

1,4,2 

Chengmari, Clialouni, 

2, 3, 4 

Xede( Ml. 

1, 2, 4 

Killcott, Sylee. 

2,1,3 

Sathkyah, Piittajliora. 

All the old alluvium soils fontaiu 

a jilentifnl stor<‘ of jihos- 

phoric acid and jiotash and the uiri'oue 

u and orgaui(' matter is 

higher than that usually I'ound in tea si 

ails. Yoticenhlo also arc 


the high percentages of lime and magnesia although these are not 
present in sufficient <amouut to prevent these soils showing an acid 
re-action» The high acidity of these soils is characteristic of the 
type as found in the tea districts and is to be attributed chiefly to 
the solution of aluminium compounds by strong acids sucli as 
nitric, etc. The jungle growing under natural conditions on this 
soil is marked by an absence of leguininosae which do not thrive 
on acid soils. 

The acidity of these soils varies within wide limits due to 
several causes but one of the chief of these is the usual form of 
cultivation in use on tea gardens. The following table shows the 
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a^’eritge iitiOity for the dilfevcut types of eoiiiuiuijh' oeciiiTinis 
soils : — - 



Acidity 

Soil type. 

(Veitcli Metliod). 

5, 1 j Oj 1, 2 

3G52 

50^, 1,4, 2 ... 

... 3321 

5, 1, 4, 2, 8 ... 

... 3200 

5, 4, 1, 8, 2 ... 

... 3200 

0, 1, 8, 4, 2 ... 

... 3137 

4, 1 , 0 , 3, 2 ... 

... 2051 

1, 8, .8, 2, 4 ... 

2715 

1, 8, 4, 3, 2 ... 

... 2201 


the acidity tends to docrease as tlie soils l)8Coine o£ 


a liyjiter type. 


The aci<lity iucreas(.\s tlie longer the soil is nndca’ cultivation. 
At the same time the cdieieucy ot‘ the natural dr<iiii ige of these 
soils deeroases and the longer die soils are under t’le ooliiiai'y 
conditions of enltivation the greater ijeeomes the neeessitv for provi* 
ding means for assisting the uutural drainage and hence it is that 
these soilsj wlilch at the time avIumi they ^vcre planted witli tea 
jX3ssess(‘d a sutlicient natural drainage, at rlie ]irescnt rime are 
generally in A'ery ])ressing need of arrlticial drenirige designed 
ynth tlie puqjose of aiding an<l ^vhere possible restoring the etii- 
ciency of the iM'lginal natural drainage. 


The drainage ctiitaeucy of tlie^e soiU is de[eaidenr on the form* 
atiou of a layca* usually lie! ween 1-2 feet from the surface 
which with <lilHculty only is permeable to water. During the 
rains a false water table is obtained above tliis level. In manv 
cases the cutting of drains having outlets at neilhca’ end but 
of suthcieut depth to penetrate through the water Impervious 
soil layer to the dryer layers of soil l>eueat]i will be suflicieut. 
The true water level during tlie rains on the liigli Red Bank 
plateau soil i>^ at consideralile depth. 

With increasing necessity for artiticial drainage which has 
not been supplicil ilml an increasing soil acidity these soils show 
a decreasing fertility which is not due to the lack of potential 
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pkiit food in the soil. These soils in good condition rcj^reseiit 
some of tlie best types of tea soils. 

The attack of tea mosquito (H elopdtis the Ivor a ) on tea grow- 
iiig on these soils is correlated Avith tlie increasing necessity for 
drainage and the increasing acidity. 

The soils of all types are becoining more ^veathered and the 
laterisation ] process is continuing and the soils are consequently 
becoming heavier :ind more cLi}'ey in nature. Dr. IT. H. Maun in 
his book '‘The Tea Soils of Xortli-East India*' gives the results 
of analyses from t^vo gardens of old and new soils and the increase 
in the quantity of alumina present is ajqa’eciable. 

OuALouxi. Buogotluk, 

Virgin. Old. Virgin. Old. 

Alumina ... ll’o8 12*08 ir92 12 ••17 

and tliis is indicative of the rapi<lit:y of tlie Aveatliering |)rocesp. 
The increase in tlie amount of easily soluble aluminium is iu a 
large measure the cause of the increased soli acidity, vide Carpenter 
and Harler, Part III, I. T. A., Quarterly Journal 1921, and is also 
responsible for the decreasing fertility of these soils. 
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S. C. Bosk. 


( Continued from 192 f Part III. page 171.) 

Blister blight — E.vohasidhnn vexans.^ Mass. 

Blister bli</ht has lieeii known as a bliglit of tea in L jiper 
Assam for at least oO ^'ears. It w as nientioned by Mr. Peal in the 
Jovirnal of the Agri. Horti. Soc., India, Vol. I jiroc., June I9fh, 
1S()8. He then stated tliat lie liaii known it ten years 1 Adore. It 
was tirst described seieiititieally by ^[assee in 1898 (Kew Bulletin, 
dune 1S‘)S) from material seni by AVatt in 189d. It was the 
subject ot a ])am|)hler by Alaiin (Blistvr blight of tea, L T. A. 
pubiicurion iNo. •> of 190()). From tliis pa mjFlet it appears that 
tlie disease was much more severe in Assam than it is at present. 
In 1907 tlie disease a])pear('d lor 1 lie lirst rime in Darjeeling and 
in 1908 it liad s]>read all over that disti’icr causing ^'ery severe 
damage. The outlireak was imastigated by MeBac, who Avas sent 
specially iiy the (dovermiuan of India. His investigations were 
pnlJisheil ni tlie Agrieiiltiira.i riournal of India, A c)l. A , pint 2, and 
ill pamphlet form in 1910. In spite of the^e eareful investigatious 
the blight eoliduued to cause severe damage, and in 1912 one of the 
writers was sent to Darjeeling to coiitimie the work. Tlie damage 
done 1)V iIk* Idight is not \erv sirious in Assam and in many 
gardens it lias been eradicated. Occasional ly individual gardens 
sulfer severcB', but it is not feared vor\ much. In Daijeeliiig, 
however, the dist^ase causes severe damage, Darjeeling gardens are 
unfortunately very close together— no large jungle areas inteiweue. 
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It is tlicrefore cNseutml tluitj in treating a disease like this, gardens 
cO'OpeiMtc. It was obvious that spasmodic applications of spray 
fluids were unlikely to eradicate the disease in a district like 
Darjeeling where the tea gardens are adjoining. It was necessary 
to learn much more about the disease than tlie life history of the 
fungus. The scope of the eiiquirv was tlicrefore extiaided and the 
following ])oints were iiu^stigated, 

1. The conditions most favourable lu the disease : — 

Jat of tea 
Class of soil 
(Tmiate 

Aspi ct 
Elmntioii 
"D'luperaturc 
Kadnfall 

Cultural conditions 
Manuring 
Pruning 
Plucking 

2. The jresence of the blight in tlie juiigh' on jungle jdants 
or ou tea. 

3. KxperLments : — 

S])rav tluids 

.M i in ur ial a ] >| )1 icatiuus 

^Modifications iir cultural methods 

4. Practical imahods of dealing ^vith the disease. 

Later this work was continued in Assam gardens, and in con- 
nection with tlie jax'sence of tlie fungus in tlie jungle special visits 
were made to the Pihododf'udrou forests of Sikkim and Phutam 
The first part of this artich^ will deal with the description of the 
fungus and its effects »jn the plants. With tlie kniwvledge gained 
bv tluj later investigations it is possible to devise a jiractical sclnanc 
for the checking of the disease. The record of tbese investigations 
and suggestions for the treatment of the disease will be discusser 1 
in the second pirt. 





<Rcprintc’(i from AKricultunil Journ;il of Incii^j Vol. V, Part fl, by c ourtesy of Government of India.) 
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Desckiption of the Disease. 

BIi?<ter bli^xht usufilly attacks tlie young leaves but is also 
loiiiid on succulent green steins ol the tea plant. The blight at 
first appears as round, translucent, pale vellow, sometimes pink, 
spots on the leal. As the disease ]ji’ogresses tliese spots enlarge 
into wliite or pinkish convex warts, mostly on the under- surface of 
the leaf. The op|X)site surface of the leaf is pale green, yellow or 
[)ink, with a concave depression. At a later stage these ^shite 
convex warts shrink and darken into deep brown, almost black 
spots. These dried up spots somerimes crack and fall out, leaving 
round holes in the loaf. AVhen several s])ots coalesce, or tlie disease 
attacks the mirhrib, the leaf becomes curled and distorted. 

Examined by a jxicket lens, the white surface of the spot is 
seen to be covered by woolly tlireaddike outgrowths having a pow- 
dery appearance. These are the fructifications of the fungus. A 
cross section of a spot will show under tlie microscope, that the 
<;ells in the convex part of the leaf have been pushed aside by the 
fungus, thus causing one side of the leaf to bulge. The cells of 
the diseased patch of the leaf contain less chlorophyll than the 
normal, and in some cases the cell contents are changed into red- 
dish coloured substances. Tiie filaments are mostly collected bet- 
ween the cells. Some of them, very much more fragile than the 
rest, eutcT the cells themselves. These filaments are divided by 
many cross walls. 

The fungus can be grown in pure culture, but is very suscejj- 
tible to high temperatures. The isolated spores of both kinds onl}' 
survive a few hours, and no resting stage of any kind seems to be 
producal. It is very difficult to get the live blister blight fungus 
from Darjeeling to Assam. Blister on diseased leaves sent in the 
ordinary way through the post rarely survives the journey. The 
infection of the leaf takes place throug)i the stomata, the little 
mouth -like openings on the under- surface of the leaf. The fungus 
is purely local, and each blister is tlie result of a separate infection. 
The fungus mycelium docs net spread beyond the edge of the 
blister into the other tissues of the leaf or stem. The fungus, 
under ordinary circumstances, takes 10 or 11 days to develop from 
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tile time of infection to tlic forniatlon of spores. It then continues 
to produce spores for 7 or 8 days when the disease dies a^^'ay. 
This period is variable accord iiig to temperature. At higli teiu- 
pcratures 80^ — 90'^ F, the fuuuus does not cause any appreciable 
damage. At low temperatures 40^—50^ F, the development is 
very slow. The optinnnn for tlie fungus seems to be botweea 
— rr)"" F. The fructlfieations of the fungus arise from l)undU‘s 
of myeeliiim Avhieh push their way through tlie skin, formiug a eom 
linuous layer of vertical filaments or ]iy[>hae o\'er the surface of the 
leaf. The end of each liypha or filament swells like a club. Some 
of these remain so, without undergoing auv further change. In 
otlicrs the swollen end is separated from the rest liy a wall, giving 
rise to a spore, known as conidiospore. This is the commoner 
form of fructification. In the early part of the season, and 
occasionally at other times, otiier filaments grow out 2 to 5 little 
horns called steriginita. At the end of eacli of tliese liorns a spore 
is formed. The filament with the horns and s]>ores is oil led a 
basidium, and tins kind of spore is called a basidiospore. This 
method of fructitication is characteristic of the group of fungi to 
which blister blight belongs. Other members of this group liave 
special protecting devices, e, g.^ tlie pores of the bracket fungi, or 
the gills of the mushrooms, etc. In the case of Idister Idight the 
basidia rire formed outside, on the surface, hence the name A'a’a- 
basidiujn. The reason for tlie other part of the name — re. cans — 
is obvious to planters. There are s})ecies of E.cohasidium prescait 
all over the Rhododendron forests to tlie Portli-Fast of Dar jeeling. 

The Conidiosporcs are usually single cells but (xvasioualiy ;u*e 
uniseptate. They measure 11 to 21 g by 4‘o to 6*5 g. 

The basidiospores measure 7 to 15*5 g by 2*3 to 4 '5 g, and 
are sausage- shaped, hyaline bodies. The size and shape vary 
considerably. 

Blister blight not only attacks tlie h^ave^ and slioots but also 
the young seeds. These arc aborted and sometimes swell ii]) to 
the size of a Avalnut. The seeds are not commonly attacked 
because they are not usually present at the time of the year whou 
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tlio is prcviileut. Tlr‘ sotids attackcl by the disease 

never mfituro. 

When the disease attacks tlie succullent stems of hcwvy pruned 
tea the results arc disastrous. In some cases the bushes are killed 
right out. Tie; sprca.d of rJie disease is extraordinarily rapid undei 
favourable coirlitioiLs. Soinethnes in Darjeeling whole sections 
appear wijite widi the disease. The Avhileness soon ch<anges to 
black as tlie shoots cnimyJe uj) and decay. 



SOME PHYSICAL CONSTANTS OF SOIL, 
C. R. Habler, b. sc., a.i.c. 


The Mfxhanical Analysis of Soils. 

The methods of mechanical analysis of soils are based either 
on the h 3 'draulic principle or on the sedimentation process. The 
former method ^vas de\'eloped by Schdne, Hilgard and Nobel and 
is only suited to laboratories which work chiefl}' on soil analysis. 
The sedimentation process has been developed by Hall (6) and 
has been modified and hastened b}' centrifuges (12). Ihe centri- 
fuge is common in the United StiitCvS where the method has Ix^en 
standardised by the Bureau of Soils. 

No scientific grouping of soil particles has yet been de\dsed. 
In most schemes the ratios between the grades vary widely. Below 
are shown three different systems, one, that of Hopkins, which 
observes a constant factor 3T6 — the square root of 10 — and those 
of the U. S. Bureau of Soils and of Hall, 


Group No. 

Hopkins. 

U. S. 
Bcreau. 

1 

Hall. 

Grade. 

Factor. 

Grade. 

Factor. 

Grade, i Factor. 


mm. 


mm. 


mm. 

1 

1 oono 


2-000 1 

... 

3 000 ; ... 

2 

0 3160 

3 16 

1-000 

2 

1-000 3 

.H 

0 0100 

316 

0 500 

2 

0-200 : 5 

4 

00031 

.3*16 

U-250 

2 

0 040 : 5 

.'i 

0 0001 1 

316 

0100 

2-5 

0-010 ■ 4 

6 



0-050 1 

2 

0*002 5 

7 



0005 i 

10 



During the past ten years the Scientific Department of the 
Indian Tea Association has been carrying out a soil survey of 
the tea districts of North-east India. Situated as the laboratories 
are, a simple method of analysis is essential and on this account 
the method suggested by Hall was adopted. 
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The factor or relationsliip between tlie various grades in any 
grouping of soil particles must always be a problem, for, in order 
that the analysis shall be carried out within a limited time, certain 
fractions, the larger and proljably less important: ones admittedly, 
must have such a wide range that two soils giving similar analyses 
may vary widely. In the Brahmaputra Valley the deposition of 
the soil has been such tlaat these differences are common and 
although it is possible to ])lace fairly accurately a soil by means of 
its mechanical analysis, }et, sucli an analysis must be taken only 
as a first and general class ifi cation. 

The Grading ok a Soil. 

A mechanical analysis does not gi\^e an idea of the interrela- 
tions between the different particles or of the ensemble of a soil. 
Such a value can only be obtained by stuilying the soil as a whole 
which it is impossible to do for the jdiysical aiid cliemical properties 
of a soil are so closeh^ related that tliey are inter-dependent. Keen 
(9) has shown that the evaporation of water from a soil is greatly 
infi lie need by the colloidal content. The colloidal content is in 
turn influenced by the chemiail nature of the soil particles. The 
physical pro})erties of a scjil are dejX'udent on tlie inter-relations 
between the particles, and each soil is a definite entity to which 
the idea of mechanical analysis is foreifrn. 

Next to the percenkige of small particles in a soil, the grading 
of the particles is tlie most important factor in determining the 
tract; ibility or otherwise of the soil. If the percentage of the 
different fnictions is sucli that the wliole soil is able to fit into 
a compact mass then the soil may lx said to be evenly graded 
and it wdll be difficult to work. Soils wiiich are of recent deposi- 
tion such as those near the banks of the Brahmaputra river are 
hardly likely to be evenly graded but after wentlieriug these soils 
become very compact and difficult althougli the extra stiffness is 
greater tliau that wlilch would be expected from the difference 
shown by the mechanical analysis. 

Unless a particle fits in with the rest of the soil particles it 
practically comes outside the physics of the soil. If the particles 
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are small enough , ?. e, of the clay order, and become comparable 
in size with the thickness of the moisture film in the soil then 
they naturally fit in Avith tlie rest of the soil. The addition of 
coarse sand to a lieavy clay merely dilutes the soil and does not 
render it any more tractable. To illustrate this point, a heavy 
clay, No. (Borhat) was mixed Avith (|uantities, varying from 
10 to 80^^^, of coarse sand. The original soil is an unkind, yeltow 
clay Avith an optimnin moisture value of 29 % and a puddle value 
of 36^. Tliese ATilues, as is denoted later, suggest an evenly 
graded clay. The addition of sand loAvered tlie moisture figures 
but the soil still remained unkind. Over 70% ad<liUou of sand 
gave the mixture the characteristics of a sand and no moisture 
values could l^e obtained. 

As more sand is added to the soil moisture values decrease, 
by virtue of the removal of the soil, and increase, to a much less 
extent, by \drruG of the sand added. Taking the o])timum value 
of sand as 2 ’48% as is given by Briggs and Slmntz (3) then the 
optimum value of the diluted S(/il can lie calcuLited. 


The table beloAV sIioavs the moisture values obtained and the 
third column gives the calculated optimum. 


— 

Moistcre 

Values. 

Calculated 

Optimum. 

Optimum. 

Puddle. 

No. 48, Borhat Soil 

27 

34 


„ „ -4-10'K- Sand ... 

2.0 

32 

24 6 

,, „ ,, 

23‘5 

: 29-5 

22-1 

,, „ +30?^ ,, 

23 

! 25-5 

19-7 

,, ,, +40^ ,, 

21-5 

23 

17-2 

,1 „ 

18 

' 23 

15 -0 

,, „ 4* fit) ,, 

17 

21 

12-3 

„ „ ,, 

i 15 

18-5 

9-85 

„ +80?/. „ ... 

not obtainable 



It Avill ])e observed that as the sand percenhige increases the 
calculated optimum diverges more and more from the value ob- 
tained. This suggests that Ave are dealing less and less Avith a 
mixture whose properties can be calculated from the sum of those 

• These jSgures refer to soil number in Tables at end. 
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o£ its components. Witli tlie higlicr sand percentage wc are 
dealing with the dilution of a sand with a clay. Tliis lias been 
successfully carried out in p:irts of Engl and ^vllere Avaste sandy 
land has been reclaimed (<S). 

Soil No. dd (Kurtij Dooars) is a clay avith a recent deposit 
of coarse sand. The sand appears separate from tlic rest of the 
soil which for purposes of wurking is still a stiff clay. 

Aiiotlier, inucli lighter soil, was also treated in the same 
manner as Bor hat soil The sample used was No. d7 (Bliogot|>ore) 
giving optimum and puddle valu(‘S U) % and .31;^ respectively 
showiniT it to be a elav silt. The table below sliows the effect of 
sand on the moisture values. 


1 

Moist I'Bi; 

1 

Optimum. 1 

1 

: Values. 

1 

Puddle. 

C;ilpulated 

OpU'raum. 

No. 37, Bhogotpore soil 

10-5 

* 38'0 


„ .. -j- Eand 

FJO 1 

1 3-d '5 

17-8 

„ n +20/. 

17-5 

.80-5 

ICrl 

M n +30/ ,, 

17 0 

270 

14 4 

„ » +40/ „ 

IGO 

2GO 

12-7 


As with the heavier soil mentioned above, tlic effect of the 
sand appears to be least when the fraction is small As tlie extra* 
neous fraction increases the calculated o])tlmum falls away from the 
actual value showing that a f resit soil with another entity is being 
formed. With the liigher percentages of sand tve are dealing less 
and less witli a mixture and more and more witli a soil. A sand 
can be stiffened b\' simdl additions t>f cLu' but a clay cannot be 
rendered appreefabh' more tractable b\’ a small addition of sand. 

Tilth and CoNDixtoN of Soil. 

Tilth is impossible to define from the sclentifc p.oiut of ^•lew. 
Practicjil men say that at a certain ptTiod tlie soil is in good tilth 
and a few lionrs later, after a heavy fall of rain, that it is in bad 
tilth. To tlie praeticiil man tilth involves many factors and a soil 
in good tilth is said to have a ‘‘crumb” in it, to have a “live” 
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look or to be in good lieart.” Scientifically it is impossib](‘ 
to deal with such an elusive, indefinite quantity. 

Two factors, and possibly the most inqjortaut in tilth, are the 
state of aggregation of the ]):irtRies and tlie grading of tlie 
soil particles and aggregates. 

In the tea districts of North-East India is being experiencoil 
at present the result of the destruction of tilth in the soil. 
In countries where the plough is used, tilth destruction is fairly 
rapid if the soil is worked in wet weather, but the shearing forc(^ 
of the lioe, as it is employ evl in Assam, is not comparable witli 
that of the mould-board of a plough. The conse(|ueiu*e is tluit 
the result of incorrect cultivation is only ap]K‘ariiig after an 
interval of 15 or more years. 

Since the term ‘'tilth has no s|K‘ciflc meaning, it is advisable 
to use tlie term Condition to express the state of aggregation 
of the soil particles. There must be an optimum state of aggre- 
gation of the |>articles in a soil. As the state of aggregation 
varies so no doubt the other optimum physiciil constants of the 
soil vary, for these constants depend on soil condition ns it 
actually is not on what it is capable of being. 

The Moisture Values op a Soil. 

According to Bony om -os ( 1) the moisture in a soil consists 
of free and unfrec water. The unfree water is that of hydration 
and of chemical combination and also hygroscopic moisture n liicli 
is less unfree than the first two types. Keen (10) supposes that 
there is no distinct line of deinarkation Ix'tw'een these differ ent 
types of soil moisture and by mathematical methods comes to the 
conclusion that one type of moisture merges by imperceptible 
stages into another. Whether the types are distinct or related is 
immaterial in the present argument. The important point is that 
a certain quantity of the moisture is less free than the rest Bony- 
oucos (2) has shown that this quantity is independent of the total 
moisture content of the soil. 

Unfree water may also be defined as that which is not available 
to the plant 
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riiG moisture values considered in the present p«aper are the 
optimum given by water and ainmouia and tlie puddle content 
given by water and ammonia. Briggs and Shantz (d) have attempt- 
ed to Calculate some ot the moisture \'a]ues-~the moisture co-efli- 
cieut, the moisture erpii valent (opLiiauin), the moisture holding 
capacity and the tvilting co-efficieut— fiami tiie mechanical analyses 
ol the 'soils. 

In a later work, Smith (IL) has sliown that the values obtained 
by calculation are uusatisractory and that most soils rccjuire a sepa- 
rate factor. Tins can he well understood, for the grading is not 
shown by an ordinary mechanical anal\ sis, nor is the true clay 
content or the colloidal content of the soil e:vpressed, unless the loss 
on iguition of the clay fraction betaken as a measure of this rpiantitv. 

llic most important water conient of a soil is tliat at the 
optimum. Tlaa’e are many methods by which the optimum mav 
be determined, among whiclt may l^e mentioned the penetration 
method of Cameron and Gallagher (4) in which the Aveiglit requir- 
ed t<) press a sharp instrument into tlie soil is observed. The 
force re([uired is smallest at the optimum. A not her simple method 
is tliat of Davis (5). A tube containing soil is stood in water and 
after equilibrium has been attained, tlit'' water in the top few moist 
iuclies of the soil is estimated. This metlunl is based on the fact 
that tlie (qitimiim water content of a soil is tlie maximum amount 
of water capable of being held by capilLi rit \'. 

Another method of estimating the optimum w:iter content Avill 
now he described. Into a 3'^ evaporating basin, 10 grams air-dried 
soil is A eighed. WAter from a burette is added drop by drop and 
the soil is worked with a bone spatula and Lh(‘ water thus distri- 
buted. As tlie water is added a cohesiveness suddenly becomes 
»appareut and the soil instantly takes on a now appearance. The 
addititni of a further drop or two leads to etickiuess. The poiui 
at which cohesion is observed is the o])!imnm condition and can 
be eiisik recognised oven by an In lum euluvetor with no sAentidc 
traming and such a man can easily duplicate luoistun? experiments. 
The moisture in the soil is then estimated and calculated on 100 
grams dry soil. 
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The puddle condition is estimated in a similar manner. Here 
again the soil assumes different properties in a very marked manner 
and the point when all the free space in the soil appears to be 
occupied by water is easily recognisable. The puddle value is not 
the same as the water holding capacity Avhich is a greater quantity 
owing to the fact that a looser packing is observed. In estimating 
the puddle the soil is well pressed down with the spatula. 

The function of the soil moisture at the optimum condition ’will 
now be considered. Part of this moisture, that bound chemically 
and that engaged in solid solution, is totally imfrec. The 
hygroscopic moisture is less unfree than the former, but it is 
unfree to the plant at the wilting point according to Briggs and 
Shantz (3). The rest of the water is free and, togctlier with the 
hygroscopic moisture, makes up the film in ’which the particles 
float. The thickness of this film will depend on the shajxi and 
size of the particles and aggregates, but the amount of water 
forming the film is roughly a measure of the surface area of the soil 
particles. If 'we denote the free or surface water by (a) and the 
unfree water by (.r) then we may say : — 

optimum water = a + 

At the puddle state m'c may suppose that in addition to satis- 
fpng the hygroscopic and combined water needs of the soil, 
which w^ill be the same as before as Bouyoucos (2) has shown, 
we are covering the particles wdtli a film of water and we arc 
also filling up the interspace ( 5 ) l^ctwecn the particles. With 

one working with water it is difficult to break down tlic aggre- 
gates in a soil so that the loss in condition is not restored on 
drying, and therefore it is probalde that the quantity^ (a) is 

about the same mth the optimum as with the puddle moisture 

content. We may say then ; — 

puddle water 

Then (puddle-optimum) = 5 , the free space in the soil. 

If the soil js puddled with ammonia, the aggregates are broken 
down and the puddle is arrived at much more easily than if 
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water be employed. The tfible shows llie effect of puddling 
with different strengtlis of ammonia. 


Strength ammonia. | 

PnaOla value 


Calc. 100 gms. dry soil. 

Nil 

30 /c 

0-125 N 

23 Yo 

0 420 N 

l9-7y. 

0-625 N 

18-6 y. 

0-937 N 

18-6^/ 

1-250 N 

, 18 6 y. 

about 16 N 

IH'UA 


Accordingly ammonia of strength about normal may be 
employed. 

The moisture used iii the ammonia puddle is employed 
first of all in satisfying the ‘‘ unfree moisture requirement 
of the soil, ft is assumed that this is not materially altered 
by the addition of ammonia. Moisture is also used in covering 
the soil ]>arti€les, for all tlic aggregates are Ijrokeji down and 
a new surface (a^) is introduced. In addition a new free 
space much smaller than tlie old free space (5), is 

introduced. Wc may then say 

puddle ammonia = a' -\- 

where (.r') rejwsents the unfree moisture. This value (.2;^) 
may or may not be equal to the value (a*) iiitraiuced in 
connection witli moisture ^‘alucs Avith ^^'ater. Ho^vever, this 
point is immaterial at present. 

Unless tiie optimum value for tlie <x)m])letely degi’aded soil 
be obtiiued the value [s') cannot be calcalatcih With great 
difficulty can an optimum value be obtained ^vitli ammonia. 
Unless the soil samj^lc is canTulIy worked, local puddling occurs 
and in this case it is almost impossible to again obtain equal 
distribution of moisture. 

The optimum ammonia + 

(Puddle ammonia-optimum ammonia) =5' f. the free space 
in the soil when complete dellocculation is realised. 
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It migii|. be suggested that a better method o£ obtaining 
the value + and one involving less assumptions, would 
be to deflocculatc tlie soil, and after drying, then to estiniate 
the optimum ^vith ^vatci*. However, several attempts sll 0 ^vcd 
that hou'ever coiupleto detiocculation may be, drying results in 
aggregation. 

Several assumptions liave been ntade. It is assumed tliat the 
thickness of tlie him is die same with water as with ammonia 
and that the chemical action of the ammonia is negligible so far 
as the moisture values are concerned. The action of ammonia 
ou the colloidal content is not considered and this factor may 
be of great importance ((‘f. Keen (9) ) in spacing as it is in 
other physical pro^)erties of the soil. 



the particles and may be termed the Co7iditio7i Factor of the soil. 

In estimating the optimum with ammonia we are increasing 
the soil area exposed. This results in a higher optimum than 
in the case with Avater. With the ammonia puddle the exposed soil 
area is increased hut the interspace is decreased and the total 
result is invariably a smaller puddle witli ammonia than Avith 
Avater. 

The moisture values Avill he best a])]>reciated from the tahles 
heloAV Avhich give analyses by HalFs sedimentation jirocess. The 
loss on ignition of the whole soil and of the clay fraction is given, 
the latter A'alue being an indicatiem of the colloidal matter or true 
clay present. * 

In the Brahmaputra Valley t]iei’(^ are ] Tactically no loams 
in the usually accept(‘d meaning of the term, for tlie great 
majority of the soils are j>ooi' in organic matt(T. A couvenieut 
method of nomenclature is that suggested hy Hope and Carpenter 
(7). The live soil fractious, coaivc and line sand, silt and tine silt 
and clay arc numbered 1 to 5, A soil may be quickly described by 
putting these uumbers in order according to the |)ercent;ige of each 
fraction in the soil. Thus a soil designated 34521 is one in A\diich 
tlie greatest fraction Is silt, the next fine silt and so on. Generally 
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the first two figures give siifiiclcut indication of the nature o£ the 
soil. 

The Sands . — Below in Table T are shown a number of sands, 
all of the 1 — 2 type exc( })t Xo. 4 (Baudasiilia Xo, 17, 18" — 27") 
which is of the type 2—1. The chantctoristic of the larger sand 
particles is their lack of coliesion, for all tiicse soils give no easily 
recognisable optimum and puddle values. In tlie Brahmaputra 
Valley such soils are very common, an<l 'witli green cropping and 
lime, which acts as a cement, they ahnost invariably make good 
tea lands. 

The Sandy These soils arc shown in Table IT. Like 

sands they are usually of the 1—2 type although the quantities of 
coarse and fine sand are much more alike. 

There are two types of sandy silts in tlai BrahiuRputra ^hdley. 
first there are those whicli have been de])cisircd ^is .^iich, like Xo. 11 
(Budlabhetta), and Xo. I t (CliatLipore Trench). These soils are 
often of such uneven grading tliat tlie moisture values may 
be much lower than would be auriei]).ited from the mechanical 
analyses. 

The second tvpe aretho>e soils wiiich have suffered weathering 
and hence tend towards even grading. Xo. 18 (Pabhojan 24") is a 
soil of this type. 

Soil Xo. lb (Klleiibarie) is interesting, in thnt its analysis sug- 
gests a sand. Tlu^ soil has, however, heen sy,-temmically green 
cropix'd and acts like a sandy silt. 

The o[)tinium ^'a]ue for a sandy silt lias a mini mum limit of 
ahout9‘|,h Mimh below ibis the optimum cannot be recognised. 
The puddle value is alanii 18^;, 

The Clay Silts . — In Table are given some soils classed as 
clav silts. There is no distinc t line separating tlicse soils from 
saudv sills or clavs, hut tlie moisiure values arc u>uail\ about 18 
optimum and ^0% or over for the piuhile. 

It will be noticed tliat X(^s. 34 and 35 (Behora samples) both 
act as sandy silts rather tiian clay silts, which suggest-s that the clay 
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fraction is chiefly very fine silt and not true colloidal clay. This 
is borne out by the small loss on ignition of the clay fraction. 

The Silts . — In Tabic III the silts are shown. The typical 
soils of Assam are sand\^ silts or silty sands of the type 4 — 2 or 

2—4. 

The silts are characterised by the great difference between the 
optimum imd puddle moisture. The moisture values are only ob- 
tained with difliculty and in this respect the silts approach the sands. 
This class of soil is invariably poor in colloidal matter as is shotvn 
by the small loss on iguitiou of the clay fra.ction which is in the 
neiglibourhood of OT^. 

Silts arc such, in most cases, because of inherent properties of 
the particles which resist further digradation after the fine silt 
stage is reaclKal or In* reason of tlie iiiaiimH’ of deposition. 

In some eases, sandy soils lau e weatliered to the silt stage 
and no furtlier. Such soils often coii>ist chielly uf fine sand and 
silt with very little true clay. I Uimatdy these soils become silts 
and little else. Such soils are common in the Dina Toorsa Dis- 
trict and Xos. 31, 21, 22 (Toorsa Sec. 5, Woodbine Xo. 2, and 
Budlabhetta Xo. 6) are examples ol this tv jx?. 

For these reasons it will be imdcr stood that silts are a class of 
soils somewhat a])art from the othei’s. 

The optimum value is usually IxTween 10 and 16^ and tlie 
puddle value is much higlier aud usualh in the neighl^oiirhood of 
30^. This divergence indicates a large free space, X"o. 32 (Dima- 
kusi) in Table IV is obviously a silt although it appears with the 
clay silts. The smaller particles in this case arc silt and not clay 
particles. 

The condition of silts Is best improved In' green cropping and 
liming and in this manner they resemble sands. 

The Clays . — The clays arc shown in Table V below. Each 
soil is considered separately. 

No. 41 (Suffry ) is a grey clay from under a coal seam in the Sib- 
sagar District. It is practically a jxtter’s clay and is so unkind that 
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it is almost impossible to get au optimum figure because of local 
puddling. The condition factor is seen to be very small. Such soils 
are particularly troublesome to ^vork because caving to the sliortage 
of true clay, lime has little eifect. The onl}* useful method of treat' 
ing such soils is to lay tliem down in grass. 

No. 42 (Biiinaguri No. 7 of 5) is a soil in good tilth and 
situated on a sandy ridge, tliat is to say a ridge which is sandy com- 
pared with the soil below the ridge. It is an open soil although it 
is a heavy clay. 

No. 43 (Binnaguri No. 4 of 10) is a good soil giving the 
moisture figures of a silt and the silty nature is also borne out by 
the very low loss on ignition of the clay fraction. 

No, 44 (Nagrakata) is a dark red soil from the Dooars, well 
weathered, and very rich in organic matter. It is an example of a 
soil in poor condition. 

No. 45 (Namrup No. IZ^ls a top soil and may be compared 
with No. 46 (Namrup No. 1, bottom) the subsoil. The bottom 
soil is quite distinct. From the high solubility in acid together 
with the high moisture values a compact soil is suggested. This 
sample seems to have been hikeu from the pan area. 

No. 47 (Chalouiue, subsoil, Engo, No. 8) is U'pical clay on 
the light side in good condition. Tiie top soil of this area is in 
poor condition. 

No. 48 (Borimt, subsoil) is a lellow clay, well weathered and 
probably containing a high ])erccnUge of highly hydrated miner- 
als. Its moisture ^’alues show it to be a very heavy soil in fair 
condition. 

No. 41 (Hanhipara) is a grey, heavy silt as is evidenced by 
the wide divergence between the two first moisture \aiues. The 
clay fraction is practically all finidy divided silt. 

No. 42 (Hilla) is a subsoil of a silty nature. 

It is obvious that one type of soil gradually merps into 
another. The table below gives moisture values for typical soils 
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calculated on dr}- soil. These values like all the others are of a 
prelim iaary uature : — 


lahle shou'ing approx i mate values for Typical So ils. 


Soil. 

Moisture 

Optiiijum. 

Valcks. 

Puddle. 

Saod 



Sandy silt 

9/. 

19 /c 

Clay silt 

18/. 1 

30 -/c or over. 

Silt 

14/ 

30/ 

Clay 


35 / or over. 


The Sigxificaxce of the Coxditton Factor. 

First consider the case of a soil iu vliidi all the particles are 
separate, i. there is no ag’UTegation. Tlien the ammoiiia values 
for the optimum and puddle Avould be almost the same as the water 
values, and the free space would l)e the same in both cases. 

In such a soil we get — 

Condition Factor — = 
t 

And such a soil may be sai<l to be in no condition. 

As aggregation increases the factor iuci’cases. It is necessary 
here to define “ aggregation,” for if the process of aggregation is 
pushed to ultimate ends the soil finallv becomes one great aggre- 
gate with no conditioit at all. Aggregation from the agTicultural 
point of view means a tendency toAvards crumb” structure. 
Beyond this stage, aggregation becomes puddling. 

It is necessary at this stage to consider tlie force which holds 
the soils aggregates together. Pjirt of tlie force is due to the 
capillary action of tlie soil moisture and part is no doubt due to the 
cementing action of the soil colloids. As the soil becomes wetter, 
the cementing gel becomes more and more moldle until at the full 
puddle each separate particle is floating in Avater or in a very dilute 
soil solution. At the optimum these forces are well balanced and 
the desired crumb ” structure results. 
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So far it has not been ponsible to get a soil into a condition 
such that its condition factor is unity. 

If a soil is puddled n ith yater and then dried, it regains most 
of its former condition. Dining evidently does much to put a soil 
into good condition. It seems probable tliat coudltioa is most 
easily destro3'ed by culti\ atioii of soil folto^ved b}" lieavy rain- 
fall. Then the lu’oken dcovn aggregates are washed apart before the 
chance of aggregation, which comes witli dining, occurs. 

Several soils n'cre puddled ^vit]l ninmonia and dried, but on 
drying these soils, like tliose puddled ^vitli water, also took on 
some condition. This may of course he due to the fact that on 
drying tlie soil the remo\'al of rlie electric charge which brings 
about deflocculation allows the ])artieles to flocculate again. The 
taking on of condition may also Ite due to a jn’ocess of cementation. 
The figures below are instructive. 

Tlie Table shows tlie moisture yalues of original soils and of 
the same soils after they have been puddled with ammonia and 
dried : — 


Soil. 

Optimum. 

! Puddle. 

1 

Condition// \ 
Factor, [/■'] 

Aintuonia. ' 

\Yat0r. 

Ammonia. 

: Water. 

Original Chaloiiiiia 

2l)c? 

1 8' 8/- 

! 

2d 6 /' 

i 

! 33-6 X 

2-3 

Ammouia puddled Chalouiue 

ISM A 

15-5 X' 

27-6 X , 

28 X 

1-4 

Original Numuligarh 

10 X- 

9 /- 

14 X 

17-5 X 

2*1 

Ammo, puddkd Nunialigarh 

0 1 

1 

8/ 

14 X 

15 X 

14 

Original Lteah ilivor 

21 X 1 

19 X 

28-0 X 1 

31 X ' 

1-6 

Arnino. puddled Letpli River 

r.cox i 

i 

17*9 X 

28 /- 

28 X 

1'25 


In each case the condition factor is considerably lowered. It is 
also interesting to nute that the piuhlle value with ammonia is 
unaltered by }>rcvious jiuddliiig. This is what might be expected. 

An interesting ease of tlic variation in tlie condition factor is 
given by two soils at Tocklai, one grassed down and the other under 
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good cultivation for about 7 years. The component values are 
difficult to explain. 



Optimum. 

Puddle. I 


Soil. 





Condition^ f ^ 


AiniiiouiB. I 

Water. 

Ammonia. 

Water. 

Factor, {n'j 

Tocklui ... graised 

11-8 

10-8 

17-9 

20-96 

1-6 

,, ... cultivated 

12-0 

90 

16-5 

18-5 

21 


The cultivated soil has been 'vvell limed and liberally green 
manured, and althoiigli tlie inechaiiicnl analvses are similar the 
condition of tlie two soils is quite different. 


It is not possilde at ]jresent ,to give any definite value to 
denote good and bad tilth but a study of the tables below shows 
that the value seems to rise from To to 2 '5 as the soil becomes 
heavier. Silts give, as might I>e ex})ected, low condition factors 
since they are like sands inc-aj^able of aggregation to the same 
extent as other soils. 

The ^ allies given arc of a preliminary nature. 

Table L 
Sands. 

Shouting various Soil Fractions obtamed by Sedimentation 
Process. 


The Moisture Values are not obtainable by the method dee- 
crihed above. 


No. 

Soil. 

Sot in 
acid. 

Coarse 

eaod. 

Fine 

Band. 

Silt. 

Fine 

silt. 

Clay. 

Lose on 

igni- 

tion. 

1 

Dhoedaam 

1 52 

50-62 

22 62 

6-50 

U 60 

3-20 

4-20 

2 

Hajabhat 

0-57 

60-61 

33 78 

261 

1-81 

Nil. 

0-95 

3 

MijiVajan 

0-40 

55.62 

36-36 

2-99 

2-23 

0-23 

1-74 

4 

BandtiRiilia No. 17, 18".27'' 

0 15 

41 47 

48-49 

5-03 

2-45 

M8 

1-13 

5 ; 

Bantlteulia No. 17, 4 -4' 6"... 

0-37 

68-96 

21 99 

3-77 

3-02 

0-65 

1 36 

6 

Dalsingpara 

1-41 

67-79 

19-50 

347 

4-93 

1-17 ‘ 

1 66 

7 

Margaret’s Hope 

008 

71-53 

16-53 

4-23 

3 78 

0-32 

3-50 

B 

Kiilcot 

0U3 

64-81 

21-14 

4 38 

2-07 

4-48 

2-82 

9 

Lallamnokh 

0-27 

72 55 

15-18 

2-97 

5-92 

0-43 1 

1-32 

10 ; 

Borbhelta 

0-16 

77-76 

19-35 i 

1 

0-98 

i 

0-68 

0-58 1 

0-88 
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Moisturo valuCB are ralculuted on dry soil. 



Clay Silts. 

ns obf.ained by Sedimentation Process too ether with Moisture 
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Moiaturo values are calculated on dry soil 
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Mites in Tea-Seed. — An interesting note on the discovery, 
in Java, of mites in tea-seed imported from British India appars 
in the first number of De Thee ” for 1921. 

The author of the note (R. 3fenzel) records that on opening 
floaters'’ many of them were found to be full of a reddlsli- brown 
dust swarming with Binall mites of the genus TyYogly])hus (to 
which belongs the clicese imite). He gives the following table 
showing the percentages of affected seed obtained from six parcels 
examined, from which it will be seen tliat in one case as much as 
half of the seed was damaged. 


No. of seeds tested. 

No. iofested with mites. 

Percentage infested. 

733 1 

58 1 

8 

40 

4 I 

10 

85 

8 i 

10 

151 

60 j 

33 

28 

11 

40 

113 

58 

i 

50 


The author draws attention to the fact that since the mite 
possesses no special breathing organs, It is not possible to deal with 
it by fumigating the seed. The mite can be killed by heating to 
l^S^^F but this method often destroys the germinating power of 
the seed, so that it is not ])racticable. 

These mites spread by attaching themselves to flies, mice, etc., 
in the young stages. It is therefore highly probable that infesta- 
tion occurs while the seed remains stored in godowns or fermenting 
rooms during the period between the commencement of harvesting 
and the despatch of the crop. 

The author refer ; to the desirability of giving attention to this 
matter in the packing sheds from which the seed is despatched, and 
although the matter ’s apparently not regarded in Java as very 
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pressing, and although the possibility of the occurrence of the mite 
in the Dutch East Indies is admitel, it would indeed seem to be 
highly desirable that exporters of tea seed from India should 
arrange that seed intended for export be stored, while on the 
factory, in rat and fly-proot l)ins. Such bins could be easily and 
inexpensively constructed, would reduce the risk of infection to a 
minimum, and enable suppliers to guarantee that every precaution 
has l^een t:\ken to j^revent i]if(^ctioii. 

E. A. A. 
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From tlie earliest days of mau’s history agriculture has been 
pursued and in the course of many centuries much practical kno^v- 
ledge has l)een accumulated, but it has been only in comparatively 
recent times that it has become recognised that the natural sciences 
can assist the Agriculturist to^vards a better it])preciation of the 
problejns confronting him. AgTiculture in the past has l>een a 
method of the rule of thumb and improvements liave been effected 
only by a very slow process. Science has ho'^vever, been 
commandeered to assist in its development and perhaps one of 
its primary duties at the present time is not to alter agricultural 
methods so inucli as to explain th(i reason for [>erformiug the 
common o|)eratious. The ex])erience of tlie ages has taught men 
the necessity of cultivating the soil if crops are to be grown and 
as a consecpience of this certiin ]>rinci])Ies have become recognised, 
but it is not alwa}'s fully itp])reciatod how best to adapt such 
general {)rinciples to the ]>articular conditions of soil, climate, etc. 
It is with the object of helping towards the better understanding 
of the effect of some of tlie openitions of cultivation that this 
article is written so that men shall be in a better ] position to adapt 
the general principle to their o^vn |)articular needs. It is not 
intended to enter into a discussion of tlie wliole (piestion of 
cultivation but as the title of the article suggests into only one 
aspect of it, namely, cultivation in the rains. 

In respect to cultivation in the rains our opinion in general 
terms may be expressed as follows : — Hoeing in the rains generally 
does more harm than good. When it is considered that a large 
proportion of the increase of tei\ crop in the past 15 years or so 
has been due to cultivation, the above expressed opinion requires 
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explanation and it becomes necessary to examine in more .detail 
the effects of cultivation as carried out in the operation of hoeing 
during the rains. What are the benefits that are expected to.arise 
from hoeing ? These can be briefly summarised under three 
headings : — 

(1) The keeping down of jungle : 

(2) Increased availability of food to the bush : 

(3) A better physical condition or state of tilth in the soil. 

The increased availability of food to the bush is of course 
largely dependent upon the physical condition of the soil ; and 
improved tilth includes amongst other things better aeration 
of the soil. 

Jungle undoubtedly does harm to the tea among which it 
grows. It becomes a competitor for food and water and also any 
plant growing in the neighbourhood of another plant exerts a 
poisonous effect upon it. Undoubtedly the main benefit that has 
been derived from hoeing in the rains has been from the removal 
of jungle. 

The effect of hoeing on the physical state ofithe’soil has 
not always been good. When the soil is too wet, not only does 
it produce no improvement, but actually spoils the existing tilth. 
Very fortunately, hoeing does not exercise the same sheering effect 
as does ploughing, and ordinary light hoeing in the rains generally 
amounts to little more than cutting tlirough the roots of the jungle 
at a very shallow depth below the surface. Further the very 
presence of the jungle tends to minimise the puddling effect which 
ruins tilth. 

Loss of tilth from rains hoeing has therefore been slow, 
particularly as the drying of the soil during each cold weather 
acts in the opposite direction and restores at least a great part of 
the lost tilth. 

Probably even more serious than the effect of the hoeing itself 
has been the effect of heavy rain beating on an unprotected surface 
of clean loose soil. 
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Not only does this beating directly puddle the soil and leave 
a most unpleasant * skin ’ on the surface (insufficiently pervious 
to water and air), but the finer soil articles are washed down, 
leaving the surface much more sandy indeed, but tending to ‘ pan ’ 
the soil at a little below the cultivation deptli, thereby greatly 
interfering with the efficiency of tlie drainage. 

After many years the bad effect of hoeing wet soil, and of 
leaving clean soil exjx)sed to the rain, has become apparent on 
many soils. 

In a soil in good tilth the very small sticky colloidal clay 
particles join together to form a smaller number of large particles 
or aggregates, and thus the soil loses much of its clayey nature ; 
it becomes less sticky and the increased size of the various 
interspaces between the aggregates allows a freer movement of air 
and water. The paddling effect of hoeing in the rains causes 
these aggregates to break down, tiie soil becomes more sticky, less 
pervious to water, and more inefficiently aerated. These physical 
effects cause changes in chemical and biological reactions in the 
soil. The soil acidity increases, nitrification becomes slower, and 
plant foods generally become less available and in extreme cases 
actually are lost altogether. 

Since puddling affects the clay particles of a soil, the effect 
of rains hoeing is seen at its w^orst on soils of a high clay content. 
All fertile soils, however, contain some clay and therefore the 
effect is produced on all soils tliough to different degrees. Sandy 
soils confiiining little clay may be so little aff octal, that the effect is 
completely reversed at the next drying so that no permanent harm, 
results ; and there are a few extremely sandy tea soils so deficient 
in the colloid particles which ‘bind’ a soil, that puddling of the 
very small quantity of clay present, may actually be beneficial. 

With the exception of these sands however, it is clear that 
hoeing during the rains w'ould be better avoided. 

During dry }>eriods when breaks in the mins occur, hoeing 
often becomes possible and as much should be done then as is 
practicablef Good draimige is at such times of very great 
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assistance since it will permit of hoeing to be commenced sooner 
and the time increased during which hoeing will do good and 
not harm. 

To tlie cessation of hoeing during the rains there are two 
great objections. 

The first is that hoeing is hard exercise, and a labour force 
soon gets out of training if hoeing is di*o])])ed, so that when 
hoeing is resumed the men get sore hands, and their unused muscles 
ct^unot do the work whicli they performed with ease when in con- 
dition. In some cases the men actually become unwell, from the 
loss of the exercise to which they had bex^ome accustomed. 

Objections have also l:>een made that a garden cannot afford 
to pay labour to sit in the lines and do nothing. Since it is 
clearly better to pay men to do nothing than to pay them to do 
harm, this objection has little force. 

However it is necessary to provide alternative work. On 
many gardens all the labour available can lx; used for plucking ; 
while methals of keeping down jungle other than hoeing (which 
will be dealt with later) also, of course, use labour, but neither of 
these will keep the men in condition and it is advisable to provide 
as much work as possible, which involves the swinging of a hoe. 

^\dien the soil is wet the digging of drains, and the dee|xning 
and cleaning of old ones is very much easier than in the cold 
weather. The area of ^vliich the tilth is thus spoiled is in any 
case small, while if the excavated soil is left hca|xd up until the 
cold weather, it will lx subjected to that altcrmite wetting and 
drying which rajadly produces a state of good tilth. 

Trenching is also easy work during the rains and it would be 
of great advantage to get in crops like Arhar before they get too 
woody. In this case, however, some care would be necessary. 
The filling in of the trenches should be left till a time when the 
soil is not too wet, otherwise the puddling effect may be serious. 
In the cold weather trenches should be fillefl in as soon as possible 
to avoid undue drying out of the soil In the rains, trenches 
could be left open with good effect. Trenching, however, could be 
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done in the rains only on a small scale. From good yielding tea, 
the cutting of the root ends would decrease the flush for the re- 
mainder of the season. In young tea, however, and in cases where 
the state of the tea ^varrants some sacrifice of present crop for the 
sake of future yield, trenching in the rains is strongly recommended 
as an alternative to hoeing, provided that the filling in of the tren- 
ches be done when the soil is not so wet as to puddle on ^vorking. 

Assuming that a manager cun so arrange his work that the 
men can be fully and satisfactorily emplo}'ed during the rains with- 
out hoeing work, there still remains the serious problem of keeping 
down the jungle. 

Without any doubt the presence of much jungle produces 
serious loss of crop, and during tlie rains, the jungle is gro>viug 
very rapidly indeed. 

If we examine the factors which make up the liarmful effect 
of jungle on tea, — competition for water, competition for food, 
and toxic effect on neighbouring bushes — it is at once clear that the 
most serious factor of comjx^titiou for water is not active at all at 
the times when it is recommended that hoeing shall not be done. 
The soil has then too much water, and it is tlierefore obvious that 
there is more than enough wjiter present for tea and jungle both. 

A full explanation of the last factor (of toxicity) is not vet 
agreed upon. It is \'ery probably due to tlie pi’eseuce of too gi-eiit 
a concentration of uirbon dioxide, and to a corresponding deficiency- 
of oxy-geu in the soil. Uain water falling on, and j^iercolatiug 
through a well drained soil carries witli it dissolved oxygen from 
the air and keeps the soil tlioroiighi}' Aveli aerated, while excess 
carbon dioxide (or other soluble toxin if there Ix" any) is at tlie 
same time washed out. The toxic action of jungle then is also 
at its minimum during the rains. 

The only bad effect of jungie ^v]^ich is active in the rains is 
the competition for food, and this of coarse may be serious. The 
loss of food by washing out however is also very serious and such 
loss is permanent. The presence of some jungie avill minimise 
this loss by washing and such food as is taken up by the jungle 
is always returned to the soil when the jungle decomposes after 
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being buried. The buried jungle also supplies to the soil organic 
matter which has very largely been obtained from the air. 

The jungle thus acts as a “catch crop.” The term “ catch 
crop” is used in general agriculture to mean a crop specially 
planted when in the ordinary rotation the soil would otherwise be 
fallow. The special function of the catcli crop is to take up the 
soluble plant foods (nitrates forming the most important part), 
which would otherwise be washed out and lost. 

When it is remembered also that the presence of jungle not 
only prevents the puddling of the surface of the soil by raiTi, but 
actually by its root action improves tlie tilth of the soil, it will be 
clear that the presence of some jungle may not be altogether a bad 
thing on soils where the tea does not cover the ground. 

If the tea completely covers the ground it of course provides 
all of these advantages for itself. It will not allow the l>eating of 
unprotectal soil by rain, its roots will very thoroughly explore aU 
the available soil and so reduce the loss of soluble food, and by its 
primings it will maintain the organic matter content of the soil. 
In addition it will keej) down jungle for itself ; for jungle will not 
grow in thick shade. A good food supply ^u\\ of course he neces- 
sary either from a naturally ver\' rich soil, or from manuring. 

There are in the Surma Valley rich clay flats giving over 20 
mds. of tea {)er acre which are either ne\'er cultiwateil or get no 
more than two or three scrapings in a yeav. The soil is absolutely 
free of jungle and is in beautiful tilth. They would gain in improv- 
ed aeration and gain greater efficiency from buried prunings, if a 
cold- weather hoe could l:>e given, but in a ])Iace as descril)al a hoe 
cannot be swung, and where any cultivation at all is given, it 
amounts to little more than scratching the soil with a hoe pushed 
under the branches. Yet ivith no cultivation (or practically none) 
the soils are in beautiful tilth. Many regularly well-lioed soils are 
very bad in comparison. 

These rich clay flats are here interesting, firstly because they 
demonstrate that tilth may be maintained without hoeing, and 
secondly because they suggest a means of minimising the necessity 
of hoeing to keep down jungle. 
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Where the tea itself does not cover the ground (as is the usual 
case, even though outside branches are frequently lightly touching) 
the use of shade will assist very effectively to keep down jungle, 
and will also provide the advantages of a catch crop to greater 
or less extent. 

The low growing leguminous plants usually used as green 
manures perform the functions of a catch crop perfectly, particular- 
ly having regard to the time of sowing — March to May. It is at 
this time that nitrate formation is likely to have reached a maxi- 
mum, and loss of nitrates by washing out is therefore prevented 
over a critical period. The green crop also kills out jungle by its 
very denseness and ability to grow rapidly. The growth of a crop 
like cowpeas is very strongly advised where there is much jungle 
of a particularly undesirable nature, like thatch grass. 

More effective shade can be |>rovided by a taller crop like 
Dhaincha or over a greater \yAvt of the season by semi-permanent 
crops like Arhar or Boga medeloH. When these latter are planted 
as hedges between every second or third row of tea a greatly 
reduced jungle growth is obtained. 

Shade trees also contribute to tlie same efPect. One does 
not see serious trouble from thatch grass or other deep rooted and 
tall grasses under shade trees, but plants like Ageratum (Ilami, cold 
weather weed) or shallow-rootx^l, lo^v-gro^ving grasses which do 
little harm become established. 

The tea bushes, like the jungle, might be ex|)ected to suffer 
from the shade effect. Tea however is one of the plants actually 
benehted by light shade, although an amount of shade which keeps 
down jungle altogether would certiinly do harm to the tea. 

It is clear then that green crops and shade trees may be used 
to reduce the necessity for cultivation in the rains, but of course 
it is not expected that green manures and shade trees can be gro^vn 
aU over a garden at once. 

It has already been pointed out that a light covering of jungle, 
during the rains, is preferable to absolutely bare soU ; but deep 
rooted and tall jungle must never be allowed to become established 
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nor should even better types of jungle be allowed to become 
excessive. 

On the greater part of the area of most gardens direct 
methods will have to be adopted to keep down jungle. It is the 
main object of this article to insist that hoeing should be pushed 
on as rapidly as possible whenever the soil is not too wet, but that 
other methods should be adopted whenever it is clear that hoeing 
would puddle the soil. At the same time it is not desired to 
establish an absolute rule that no hoeing must be done in the rains. 
Where bad types of jungle like thatch are prevalent the damage done 
by it may l:)e more than would l^e done by a single hoe in the rains. 
Still, even then the hoeing neal not be done when it is actually 
raining. 

Bei^ring in mind the principles which have to be considered 
the Manager’s discretion will have to be used. 

Alternatives which are preferred to hoeing are hand forking 
and sickling which should be used in combination. 

The forking will aim at establishing a circle, of about 3 feet 
diameter around the bush, which is absolutely clean weeded. 
Within this circle jungle will hardly get a sbirt since it is well 
covered by the bush, and this clean surface will |>rovi(le free 
exchange of gases loetween soil atmosphere and the air above, thus 
ensuring aeration of the soil around the bush. 

This forking will naturally l^e much l^etter applied when the 
soil is near its optimum water content, but when the soil is wet 
it can be made rather a pulling out of 'weeds by hand assisted by 
the fork, than an actual working of the soil. 

The jungle between the lines ma\^ bo left to grow to some 
height without any great loss to the tea (at times when there is 
water enough for both), and whenever it is considered excessive 
it may be sicklcd by hand. A projxir appliaition of forking and 
sickling should at least reduce the necessity for hoeing to a 
minimum. 

It may be pointed out that all these methods of doing without 
hoeing during the rains will be particularly valuable on slopes 
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and teelas where cultivation not only ruins tilth but leads to greatly 
increased loss of soil by wash. In these situations the very best 
cover crop is the tea bush itself. Teelas and slopes should there- 
fore be close-planted and kept continually infilled. 

Summary. 

1. Hoeing a wet soil ruins the tiltli. 

2. In the rains the soil is generally too wet, and therefore 
lioeiug in the rains sliould lx avoided. 

3. Unless cultivated, soils will grow jungle, which in excess 
is harmful. 

I. In dry intervals lioeing improves tilth, and liotaug should 
then ht (*arried on as rapidly as possible. 

5. This alone will not generally keep down jungle suffi- 
ciently ; but rather than spoil tilth Ijy hoeing wet soil, 
hand-forking and sickling should be iiseil, 

fi. Green manure crops greatly assist to reduce jungle. 

7. Sliade greatly reduces jungle growth. It may be 
providetl by tall green manure crops like Arhar, by 
shade trees, or the tea bush itself. If grown to cover 
the ground thickly and coin|)letely no jungle at all will 
grow under tea, and in tliat case lioeing may lx dispens- 
e<l with ail togctlier, except ^vhen the soil is at its 
optimum >vater couteut. 

The hoeing men wlio h}' dropping hoeing may be left 
uueiu])loyed nia}' be us(h1 for draining, trenching, 
hand-forking, and sickling. 


8 . 



METEOROLOGICAL OBSERVATIONS IN ASSAM. 
C. R. Harlek, b, sc., a. I. c. 


Introduction. 

Generally speaking there are two sets of factors affecting the 
tea crop in North-East India — weather and soil condition. The 
type of bush, the method of pruning and plucking are secondary 
factors. It is possible to influence profoundly the soil condition 
not only by drainage and cultivation by also by the use of fertili- 
zers and manures. The w eather is beyond our influence and, so 
far, meteorology in Assam has been so little studied that we are 
even unable to predict the w^eather with any degree of certainty. 
True tiiere is not the necessity in Assam that is felt in colder 
climates where the prediction of a frost is of great service to 
cultivators. It may also be argued that the tea bush is a perennial 
and that a close study of the w'eather cannot lead to any direct 
improvement of crop outturn This view is incorrect. 

The importiuice of meteorological observations and the necessity 
for opening stations at critiatl intervals over a country has been 
recoo'nistxl by Azzi (1) and his work has been taken up and modi- 
tied by Carton (4) in connection with agriculture in Indo-China. 

Azzi, by studying the relationship between the plant and 
the climate and the plant and the soil hopes to develop the science 
of agricultural geograph}'. This science w ill consider the distri- 
bution of plants not as static but as dynamic systems in that they 
are functions of the medium in which they, the plants, live. The 
science thus becomes essentially biological and more especially 
a branch of the science of ecology. 

Before studying the tea crop with regard to climatic conditions 
in any special year it is instructive to follow the growth periods 
of the tea bush. With annual crops there is a critical period 
following sowing during which certain conditions must hold 
if the crop is to be successful. This period interests the tea planter 
so far as nurseries and green crops are concerned. With regard 
to the fully grown bush, the months of March, April and May 
following on the cold weather drought are critical, and during 
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this period unless rain falls the bushes are seriously affected. 
When a bush is collar-pruned this period becomes still more 
critical and for this reason heavy pruning should be carried out 
as early as possible so as to minimise the effect of a drought. 

In February the bushes begin to come away in normal years 
and during the next two months they are ‘dipped.” A shoot 
which is plucked in March or April gives rise, on a straight 
flush, to six shoots corresponding to the monthly flushes in May, 
June, July, August, September and October. Ten years ago only 
five flushes could be recognised and the addition of an extra flush 
is due, no doubt, to improved methods and treatment. A close 
study of the meteorological conditions enables us to acciiratclv 
foretell these flushing periods. 

From the above it is obvious that the weight of the crop 
given by the “tipping” influences the total crop although the 
number or shoots may be made up on the May or later flushes. 
When the bushes are growing vigorously shoots are produced 
from more than one axil and the total number of shoots from 
one original tip may reach ten or twelve during the season. 
These extra shoohs mature at periods different from the flush aud 
may partly mask the latter. On this account a \veekly crop can 
be obtained. 

The Monsoon in Assam during 1921. 

In Assam, the monsoon, as denoteil by rainfall, is not so well 
defined as in Bengal. The early rains often run on till the true 
monsoon breaks. This was particularly the case in 1921. 

Below is shown the rsiinfall recorded at Tocklai during the 
past 4 years together with the calculate<l degree of wetness for 
each month. It is obvious that tlie tohil rainfall over a certain 
period does not signify so much as the distribution (^f rain over 
the same period. Half an inch of rain in the middle of a wet 
spell has as much effect on a soil as two or threi" iiu'hes during 
the same spell. The degree of wetness is calculatal as follows : — 

Rainfall x No. of wet days . 

No. of days in month. 
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The significance of the degree of wetness may here be con- 
sidered. Taken over a long enough period this factor would show 
little variation. So far as the tea crop is concerned the interval 
between successive flushes would be a more suitable period for con- 
sidering the degree of wetness. Thus in 1919 a dry period com- 
menced towards the end of July and continued throughout August 
so that the flush was quite obliterated. Yet the degree of wetness 
for July does not appeiir to be deficient. By taking the degree 
of wetness over a shorter period, as yet unfixed owing to insuffi- 
cient observations, a [much nearer correlation between rainfall 
and crop'couldi be' obtained. 

Another factor to be considered in connection with the degree 
of wetness ! is that of tern }XTatu re. An inch of rain early in the 
season or in Octolxr has as much effect on the soil as a much greater 
fall in the hotter months. In Octolxr 1921 when the degree of 
wetness was 2*6G, the soil was as moist as during the previous 
month when this factor was 9 ’49, but the temperature much higher. 

The degree of wetness as calculated below may only be taken 
as a first approximation to a measure of rainfall effect. 

The distribution in 1921 compared with other years was 
particularly favourable imtil November during Avhich month no rain 
fell. On account of this earh^ close the crop suffered se^^e^cly. 

Table showing Monthly Rainfall and Degree of Wetness ni Todiai. 


KiiiDfall in inches. 


Degree of wetness. 


Months. 


1918. 

1 

1919. 

1920. ! 

! 

1921. 

1918. 

1919. 

1920. 

1921. 

■ f 

January 

012 

0*28 

0-63 

1-63 

0004 

0-02 

0-04 

0-42 

February 

1*26 

0-97 

2-73 

0-86 

0-18 

0-17 

0-87 

0-21 

March 

6*37 

0-75 

6-15 

4-21 

3-29 

0-07 

2-97 

1-22 

April 

5-91 

7-41 

9-08 

14-0.3 

2-16 

191 

3-60 

10-29 

May 

15-42 

6-57 

6-73 

9-28 

6-96 

2-54 

2-38 

5-08 

June 

14*92 i 

22-09 

9-89 

^ 7-71 

3-61 

12-51 

6-59 

6-42 

July 

18-20 

16-37 

, 14-18 

14-52 

11-77 

10-56 

8-46 

984 

August 

19-48 ^ 

10-71 

9-22 

9*71 

11-31 

4-42 

5-94 

6-57 

September 

12-44 

9-59 

: 6-17 

14-23 

6*22 

5-75 

3-08 

9-49 

October 

2-42 

9-40 

2-47 

5-15 

031 

3-33 

0-72 

2-66 

November 

0-40 

0-40 

0-40 

nil 

0-13 

0-56 

026 

i ^ 

December 

nil 

0-11 

0-13 

M4 

0 

0-01 

0-01 

0-11 

Total 1 

96-94 

75*08 

67-55 

j 82-47 
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The prevailing wind in the Assam Valley during the monsoon 
is South-West. During the cold season it is North to North-East. 
All the monsoon rain is brought originally from the South either 
round the Garo Hills or by way of the Jetinga Valley. The former 
wind usually strikes the Tezpur district and is then reflected to the 
South bank of the river where it impinges against the Naga Hills 
somewhere about Moriani. In this manner, Tocklai just escapes 
the rain whilst precipitation takes place along the lower ranges of the 
Naga Hilla a few miles away. At night, however, the wind which 
blows from the hills to the plains deflects the moist wind from its 
general direction Numaligarh-Nakachari and it is then that Tocklai 
receives most of its rain. The hotter the day the earlier is the 
evening precipitation. The tohil rainfall at Tocklai is about the 
same as that under the Naga Hills. 

The wind >vhicli blows up the Jetinga Valley precipitates rain 
evenly up the Assam Valhiy. The area below Golaghat receives 
most of its rain from this source and very little from the other 
source. Thus the rainfall at Nowgong is only alx>ut 60 inches, 
which is about the limit below which tea will not grow luxuriantly. 

During the r.iins heavy rainfall is naturally accompanied by a 
fall in temjicrature, but before the monsoon has broken the opposite 
is noticed. This is because the rain- bearing wind originates in the 
South, although it has often moved round the hills which surround 
the Valley, so that it ap}>ears to blow from the North. 

Valour Pressure and Temper at lire Considerations. 

The atmospheric vapour is one of the chief climatic factors 
influencing the tea (toji in North-East India. Tlie relative humi- 
dity varies from about 80 to 95, but the vajiour tension varies to a 
much greater extent. 

The vajx)ur tension of the atmospliere is a measure of the 
total atmospheric moisture. Altliongh the monsoon as denoted by 
rainfall is not very well marked in Assam, it can easily be followed 
by the vajK)ur tension curve. Generally sjieaking, monsoon 
conditions exist from the end of May to the end of September. 
During this jieriod the pressure from the Bay of Bengal is 
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continuous and the Brahmaputra Valley receives a steady inflow 
of moist air. This is clearly shown on the curve below. 

In addition to this, the whole of Assam during the rains 
resembles a great lake supplying an unlimited amount of moisture 
to the atmosphere. In spite of this the day is never long enough 
to bring about complete saturation of the atmosphere — about 75 % 
saturation is usual. At night when the temperature drops to the 
neighbourhood [of 80^F saturation and precipitation as dew occurs. 
A liotiday greatly increases the vapour pressure, and the following 
night is insufficient for complete precipitation of the vapour in 
excess of j saturation. In this manner the vapour pressure will 
follow mainly theidaily temperature, for the night temperature, as 
will be seen from the curve, is fairly constant and does not vary 
nearly so much as the maximum temperature. 

The effect of temperature and vapour pressure on the tea crop 
wiU now be considered. 

The transpiration rate of a bush has a great deal to do with 
the rate of growth, for if transpiration is rendered difficult then the 
bush grows more leaves in order to carry on the . process. Trans- 
piration is a vital process and is dependent chiefly on the tempera- 
ture. Sewell Wright (7) dealing with the rate of transpiration 
of leaves mentioned in the researches of Briggs and Shantz (3) 
gives the following correlation between rate of transpiration of 
leaves and meteorological conditions : — 

dt = 0'55, dh = 0*18, d^-0'09, d,-0-04 
and for evaporation from a shallow tank — 
d, = 0*30, dh-0-19, d^ = 0-16, d, = 0*lG 
where d^ represents the degree of correlation between temperature 
and transpiration or evaporation, \ the degree of correlation for 
humidity, d^ that for wind and d^. that for radiation. 

It may here be mentioned that the degree of correlation between 
two factors is a measure of the dependence of one factor on 
another. Thus if dj= 1*0 this: would signify that evaporation is 
wholly governed by temperature. It will be observed that the sum 



H ABLER, 


15 


of tli6 corr6lBtioii factors fftlls short of unity snd this doficioncy is 
a measure of the outstanding, unconsidered factors. 

The four factors are much more nearly ec^ual in importance 
in the case of evaporation than in the case of transpiration. The 
influence of temperature is seen to be in the latter case much 
greater than that of the other factors, and about three times as great 
as that of humidity. 

During the monsoon the difference between the maximum and 
minimum temiieratures in Assam is only about 1 In the cold 
season this difference is about 20^F, the low night temi3eratures 
accounting chiefly for tlie increased difference. It is undoubtedly 
this difference which stops the flush during the cold season. The 
period when humidity is usually most deficient is during October 
when the vajxiur pressure falls at a much greater rate than tempe- 
rature. In seasons when this deficiency does not cKcur, October 
is often the best inontli for crop. Towards the end of the year a 
state of saturation exists every niglit, and in this respect monsoon 
conditions are realised although the temperature is much too low 
for the bushes to flush vigorously. 

Observations made at Heeleaka (5) some years ago showed 
that the tea crop, witli certiiin exceptions, closely followed the 
temperature. 

Thus when the temperature rises abnormally, the a‘op goes 
down. This depression, however, will ccivse as soon as vapour 
pressure conditions approach equilibrium and it is not likely to occur 
if the tem|)erature rises slowly day by day, for then the atmosphere 
never becomes excessively dry, A j^eriod of h^y temperature 
resulting from copious rainfall also depresses the crop. In this case 
there is no deficiency in humidity, and temperature is the sole 
cause, not considering soil condition, of crop depression. 

Studying the rate of gi'owtli of plants Briggs, Kidd and 
West (2) have come to the conclusion that temperature is the 
chief factor influencing crop. 

Livingstone and Livingstone (6) correlate the rate of growth 
of plants with temperature aud show it to follow \ an t Hoff s law 
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for general chemical reactions. Thus for every 18^ F rise in 
temperature the rate of gi'owth will be doubled. During the 
fastest growing period— August imd September— the mean daily 
temperature is about At the end of October the mean has 

fallen to about 7 4*^F Avhieh difference accounts for the delay in the 
Autumn flush. 

Pot culture experiments carried out at Tocklai during the 
past two }’ears lia\'e yieldal interesting results. The relationship 
bebveen tem])erature, humidity and rate of transpiration has been 
observed and coiTelated with the observations of other workers 
made on different plants. It lias also lieen noticed that the rate 
of tmuspiratiou is an index of tlie health of the plant. When 
transpiration decreases, ^vilting or blight attack, not evident at 
the time, follows in a few days. 

Observations show that the ideal tea weatlier is, inaximnm 
temperature al)Out 92^F, minimum tem])eratur<^, ac.vompauied by 
saturation, about 82^F. These values naturalh’ vary \vith otlier 
factors like wind and radiation. 

It seems probable that hunhdity afl‘ects the amount of gi’owth 
rather than the rate of gi’owth which dejitauls more on the 
tempTature. Thus a high hiniiidity might force tw’o shoots in- 
stead of one but a higli tempcTature would Inhig about rapid growth 
of these shoots. 

The wiu<l and the radiation factors have not been studied iu 
any debiil. Ordinarily the wand, if hot, is moist. In February 
1919, however, a hot dry w ind blew’ for some days watli the" result 
that the leaves whited aivl many bushes were left almost bare. 
Under normal condition.s these factors are seen from the correla- 
tions alxjve to 1)6 insignificant coinparwl with temperature and 
humidity. 

Reverting now’ to the question of autumn tjuality in teas it 
is interesting to consider how’ this is affected hy elimate. It is 
generally understood that the slower rate of growth of the late 
flushes has a great effect on quality. Reed (7) studying the 
cell sap of young fruit trees discovered that the concentration 
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decreased as the rate of growth increased and also that it increased 
as the season advanced. He also discovered that the concentration 
of cell sap with heavily pruned trees is less than that of others. 
This is due to the quicker growth which comes with heavy 
pruning. The cell sap is most concentrated in the tip of the leaf. 
All these observations may well apply to tea and it seems highly 
probable that cell sap has a great deal to do with tea quality. 

It has been noticed that the addition of water to the soil 
reduces the concentration of the cell sap. If ceil sap concentration 
is connected with quality, then the moist condition of the soil in 
July and August will have much to do with the poor quality teas 
of these months. 

In accordance with generally accepted ideas it has been shown 
(5) that the amount of dry matter in the leaf throughout the 
season varies inversely as the amount of leaf growm. 

Another factor, and one of great importance, is the effect 
of atmospheric conditions on manufacture. It was pointed out 
on page 15 that during the latter part of the season the vapour 
pressure of the atmosphere falls at a greater rate than the tempera- 
ture. Thus all through the monsoon the atmosphere is nightly 
saturated. This stiite of affairs first became definite in 1921 on 
June 20th. From Septemlxa’ 16th to oSoveinber 16th, the 
atmosphere was not saturated at niglit altliougli after the latter date 
it was so. During tliis dry ]>erlod a good Avither is }.x:)ssible. 

On page 14 arc given two sets of factors correlating the 
transpiration of leaves and tlic evaporation of water with climatic 
conditions. During the earlier part of the withering ])roces3 of 
the tea leaf drying takes place according to the former set of factors 
for the leaf is still alive au«l is wilting. As the leaf gets drier 
the vital actions going on in the leaf cell'' give [dace to physical 
actions and the drying then follo^vs the second set of factors. The 
leaf is now truly withering. During the wet season, leaves at the 
end of an 18 -hour wither still contiuu about 70 % moisture 
a decrease of 5^ on the moisture in the fresh leaf — whereas during 
the autumn the moisture falls to 60^. This difference denotes 
a profound alteration in the vitality of the leaf and is probabh 
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follo^ved by equally important differences in the chemical actions 
going on in the leaf. 

Autumn quality is the product of the factory no less than the 
product of the bush. 

The Soil Condition. 

The soil condition includes moisture content, aeration, tilth, 
temperature and many other more complicated factors. The main 
question is soil moisture and here is one of the chief problems of 
the tea planter. It is a difficult problem to drain sufficiently to 
carry awa}’ lOO- 200 indies of rain precipitated during six months 
and to conserve the few inches which fall during the remainder 
of the year. 

The late autumn rain can be fairly well conserved by the 
mulch left after the end of the season’s deep hoe. A mulch, 
however, acts in two W'ays and may prevent the small quantity of 
rain falling at Christmas time from entering the soil. 

Tlie greater trouble is an overmoist soil. The maximum 
and cumulative effect of this factor is seen in August when a 
great crop depression is noticed. Such instances were observed 
in 1920 and 1921. 

During the year under consideration the moisture was esti- 
mated daily on the Tocklai Clearance. The soil is a silty sand 
with an optimum w’ater content of about 14^. Early in April 
the moisture content rose to 18^ and till the middle of November 
it kept above 18^ except on one or two occasions. Thus in the 
middle of May and tow'ards the end of July the soil dried to some 
extent. Tlieae instances naturally fit in with a falling off in 
rainfall. 

During the rains a certain amount of hoeing must be carried 
out and from such ^vork increased crop results, but the tilth of 
the soil is often damaged. In some cases where hoeing is done 
during the rains tlie clods appear like bricks and for all practical 
purposes are no longer a part of the soil as a medium for supply- 
ing plant food. In such cases the increase in crop is due to the 
removal of jungle and partial aeration. In the Surma Valley it 



HARLER. 


19 


happens in some cases that the spread of the bushes shuts out 
the light from the soil, and jungle cannot gro^v. Even in these 
ca^, forking results in an increase of croj). Here the increase 
is due wholly to aeration. 

The effect of very heavy ram is interesting. Thus 7 
inches during the rains have no more effect on the soil moisture 
than one inch or so. Although the- water holding capacity of 
Tocklai soil is about 40^, the moisture content seldom gets 
above 21 

The Tea Crop in 192L 

On the curve is shown the tea crop, in lbs, green leaf, for the 
Tocklai Clearanc*e — an area of ^ acres. The tea on this area was 
put out in 1914 and consists of half acre blocks of Burma, Kalline, 
China, Kharlkatia, Single, Panigliat and Betjan bushes. 

The 1921 season was normal, so far as the tea crop was 
concerned, until the end of October. The failure of the rainfall 
in November accounted for the short crop. The season on the 
whole was a very wet one and this made for good wood. 

There are, as has l^eeu mentioned elsewhere, usualh' sbe flushes 
in a season, but tliese naturally cannot l^e correlated with any 
particular variation in the weather. The flush may lx* hastened 
or delayed by a few days and the size of the flusli may vary. The 
maximum effect of any weather [teculiaritv is evident about three 
weeks after such weather. 

The May flush in 1921 was fairly late (about 10 days later 
than in previous years) owing to the abnormally wet April. It 
was however a big flash and spread over two weeks and was 
greatly helpetl on by the hot fortnight ending May 8th. 

The June flush was similarly late not only following on the 
previous flush but owing to the cool three weeks ending June 5th. 

The July flush followed quickly on the June flush although 
during the actual time of plucking there was a considerable fall 
in temperature. The depression which followed has often been 
observed. 
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A phenomenon which is likely to occur, especidly about 
midway through the season, is banjhi-nem when the shoot becomes 
dormant. The exact significance of this state is not yet 
stood, for although a bud may be banjki^ the first and second leaves 
may be growing with great vigour. It was at one time thought 
that the banjhi state denoted complete equilibrium between the 
amount of food taken in by the roots and the amount necessary 
for the bush to function. The fact that a change in the weather, 
such as a break in the rain or ^the end of a drought, car the dis* 
turbance of soil conditions by cultivation ends a period of banjhi- 
ness, supports this idea. But the fact that individual branches 
become banjhi and that ianjAi-ness is confined to the growing 
point of a shoot suggests that the cause is more complicated. 

The August flush extended over two weeks. By the end of 
September the total rainfall was well above the average, which 
pointed to an early dose to the season. The Autumn flush ex- 
tended over 3 weeks. Its heaviness was due partly to big leaf 
which resulted from the delay of a few days between the August 
and September flushes and partly due to the round of hoeing put 
in during a dry spell towards the end of July. Previous to this, 
the jungle had become very thick. 

Early in October the wind turned to the North, the rain tailed 
off and the temperature and humidity fell so sharply that all 
chances of a November flush vanished. 
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EXPERIMENTS ON THE MANURING OF 
GREEN CROPS. 

( Season 1921 ) 

BY 

H. H. Wiles, m.a. 

This series of experiments has now been in progress for four 
consecutive years, and the results obtained during 1921, while they 
amplify and to a large extent confirm those obtained in previous 
years, are also of quite exceptional interest in themselves by reason 
of the enormous percentage increase shown by all the manured 
plots over the check plots. 

In last year’s article on this subject Cooper (1) remarks : — 
The residual effects are very great and it is clear that a single 
application of certain manures has effected an increase in fertility 
which >vill extend over many years.” 

This year’s results have confirmed both the statement and the 
prophesy, and though it would not perhaps be true, in view of the 
somewhat smaller crops obtained on most of the plots during 1921, 
to say that the residual effects are greater than they were last 
year, it can be definitely stated that all the manures applied have 
produced a very marked increase in fertility, which, in several 
cases, show signs rather of increasing than decreasing in this the 
fourth year after application. 

The following table gives crop records of the various plots 
during the pst four years : 

• For prtviou* artioloi see Quarterly Journal, 1918, P»rt IV (psgo 106) and 1920, 
Part II (page 48). 
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MANURING 


Check 
Slaked lime 
Crushed limestone 


lbs. 


per 


Plots. 


800 

1200 


:i 


Cbop in tons 


1918 1919 


2-83 

2-43 


•82 


M4 


1920 I 1921 


•97 


1-99 


•16 

173 


Slaked lime 

800 ’ 

Sulphate of Ammonia 

150 ^ 

Crushed limestone 

1200] 

Sulphate of Ammonia 

150 J 

Carbonate Magnesia 

900 j 

Sulphate of Ammonia 

150 J 

Salked lime 

800] 

Sulphate of Ammonia 

150 

Sulphate of Potash 

75 J 

Crushed limestone 

1200 ] 

Sulphate of Ammonia 

150 

Sulphate of Potash 

75 i 

Slaked lime 

800 ] 

Sulphate of Ammonia 

150 

SULPHATE OK POTASH 

8200 J 

Crushed limestone 

1200) 

Sulphate of Ammonia 

150 [ 

SULPHATE OF POTASH 

8200 J 


309 


2 3-34 


21 ;! 


1-49 


1-39 


U 


2 ^^ 


H' 3-26 ! 1-62 

I 


2-04 


1-89 


0-49 


2-32 


M6 


231 ! 214 


1-83 3-55 : 3-31 


Slaked lime 

800 

Nitrate of Potasli 

50 

Slaked lime 

800 

NITRATE OF POTASH 

2500 

Slaked lima 

800 

Sulphate of Ammonia 

150 

Superphosphate 

150 

Crushed limestone 

1200 

Sulphate of Ammonia 

150 

Superplioaphate 

150, 

Slaked lime 

800 

Salpbato of Ammonia 

150 

SUPERPHOSPHATE 

8200, 

Crushed limestone 

1200' 

Sulphate of Ammonia 

150 

SUPERPHOSPHATE 

8200 J 


2 

2-70 

! 1-28 

203 

: 1-89 

1 

! 

2-64 

2-53 

3 10 

3-04 

! 

2^ 





! ! 
h 

ij 

1 

4-23 

1-48 

2-44 

; 1-68 

1 

1 

211 

j 





1 

tj 

4-05 

2*70 

3-56 

2-86 


Note : — The area ol each plot is approximately l/50th of an acre. 
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It ^v^31 at once be noticed from the above table that this year’s 
crop shows a decrease from last year, although only a comparatively 
small one ; the average being 2 ‘03 tons .per acre as against 2*39 
in 1920. 

While this decrease is only what one might naturally expect, 
owing to the gradual lessening of the effect of the manures to- 
gether with the loss of a certain amount of fertility by the soil, 
due to the complete removal of the crops annually for three years, 
it is probably actually due in a far greater measure to the un- 
favourable weather conditions prevailing at the most critical period 
in the growth of the crop. 

The crop (Vigna Catiang) was sown on April 18th, excellent 
brown imported seed being used, and it was originally intended 
to grow it for six weeks only, as in previous years. The seed 
germinated quickly and the young seedlings at first came up well, 
the weather during the first fortnight after sowing being very 
favourable. During almost the whole of May, however, which 
should normally have been the principal period of growth, condi- 
tions were bad owing to excessive bright sunlight, dry winds and 
no ram, and growth was almost entirely checked. Indeed the ma- 
jority of the plants were so backward at the end of six weeks 
that it was decided to leave them in the gi’ound for another month. 
However, favourable conditions set in during the last few days of 
May, and continued throughout June with the result that the plants 
began to flower on the phosphate plots after nine weeks in the 
ground, and the crops from ail plots were accordingly pulled up 
and weighed on June 22ud. 

Another point to be taken into consideration in comparing the 
figures for 1921 on the above table with those for previous years, 
is that whereas the latter represent actual yields, this year’s figures 
have had to be calculated, owing to the planting, in January 1921 
of two lines of tea in each plot, which necessitated a different 
method of sowing the green crop. 

The reason for planting these plots with tea is to ascertain 
whether the manures applied will produce an effect on the tea 
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similar to, or different from, that produced on green crops ; and, if 
the former, to what extent the results are directly comparable. 

The cow^peas in this inshmce were sown in three strips per 
plot, between and on each side of the tea, eacii strip being com- 
posed of four rows whth seeds 3'' apart in the rows. The actual 
number of seeds sown per plot was tlierefore known, and a correct- 
ing factor has been applied in order to convert the actual crop 
results obtained to one wliich can be directly compared with the 
broadaist sowdngs of previous years. 

Comparing the 1921 crops with 1920, the greatest decrease, 
apart from the clicck plots has occurred on the plots receiving 
Superphosphate, of which both large and small dressings sliow 
a loss of about | of a ton [)er acre, the figures being approximate- 
ly the same in eacli case as in 1919. which was also a bad crop 
year. Tins loss is probably parti}’ due to the fact that these plots 
alone were past maturity ^vheu gathered. 

As noted by Cooper (2) last year, the crops on these plots 
come early to maturity and those on the [dots which received the 
heavy dressings were the oiil}' ones fit to be gathered at the end of 
six weeks. Ry the time they were [nille^l up, they were in full 
bloom, wltile a few plants here and there had even seeded, and there 
was considerable } ellowiug and leaf -fall apparent. 

Disregarding for the moment, the Sii[.>erphos[>hate plots, the 
check plots again sliow bv tar the heaviest loi^s (0 81 ton pei acie) 
followed by the plots receiving Magnesium Carbonate, the yield 
from which has decreased by 0*74 tons per acie. 

So far as the check plots arc concerned, these figures support 
the theory that where no manures have been applied rapid soil- 
deterioration has already taken place, as a result of continued cul- 
tivation and removal of the crops grown. 

The marked superiority of the plots which have received 
lime over those which have not, is well shown in the curves at 
the end of the articles and by the grouping of the plots in Table 
No. II, and, so far as can be judged from the results obtained 

duringthepastfouryears, it aui safely be stated that lime has a 
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decided value in the preservation of fertility in acid soils under 
continuous green-cr opping. 

Within what we may term the ‘ Lime * group the decrease in 
yields falls into four c^uite distinct sub-groups* The first comprises 
(not unnaturally) the plots to which lime only was applied, and 
also the large Sulphate of potash plote, with decreases of 0*26 and 
0*24 respectively. This is followed by the small Sulphate of pot- 
ash group with a loss of 0*17. Both small and large applications 
of Nitrate of potash come next with only 0*14 and 0’06 decrease 
respectively while the remaining group, namely, that receiving lime 
and Sulphate of ammonia only, is the only one which does not 
show any loss for 1921, the yield being 0*28 tons per acre above 
that for 1920. 

If these small differences may be regarded as having any de- 
finite meaning, they would appear to indicate that the beneficial 
effect of the potash manures, and particularly of the Nitrate of 
potash is stiU very considerable, while the action of the purely 
nitrogenous manure (ammonium sulphate) is still so strong as to 
counteract the loss of nitrogen from the soil, caused by continual 
pulling up of the crops, by over a quarter of a ton per acre. 

We now come to the consideration of Table 11, which, as in 
previous articles on this subject, shows the increase per cent, ot the 
manured plots over the checks. 

The order of the plots has been somewhat altered however in 
order that all those receiving manures of the same or a similar 
nature might be arranged together in groups and sub-groups. 
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In order to facilitate the reading of the individual plot ” 
curves as percentage values of the original unmanured soil, an 
additional scale is given on the right hand side of the chart on 
which the value 100 has been given to the yield from the check 
plots in 1918, the year of first application of the manures. 

The most noticeable feature of both the Table and the Charts 
is the sudden very great rise in percentage increases this year 
throughout the series. 

This is partly, but by no means entirely, accounted for by the 
fact that very poor crops were obtainecl on two of the three check 
plots, these having suffered disproportionately from the adverse 
weather conditions in May, owung to the decreased fertility of their 
soil. All the other plots, how^ever, suffered to some extent, though 
probably in a lesser degree, from the same cause, 

A further explanation must therefore be looked for as to why 
the 1921 crops from the majority of the plots shoiv little or no 
decrease in spite of the poor season, and it is in the increased and 
possibly still increasing fertility of the manured plots, rather than in 
the decreased and decreasing fertility of the check plots, that it is 
probably to be found. 

In this connection it will be especially noticed that the Magne- 
sia and Superphospliate plots are the only ones which sho^v a 
marked decrease from 1920 — a favourable year for green crops. 
Further, the former are the only plots which do not sho'w a decided 
increase over the }iclcl for 1919, which w'as the only previous un- 
favourable season, and even this may be accounted for by the in- 
clusion in the results for 1921 of the third Magnesia plot, 
which has been disregarded! in ^vorkiiig out the figures for previous 
years as being abnormal, owing to the presence on it of a large 
white-ant teelah, which had to be dug out when the experiment 
was started, thereby causing the removal of almost all the surface 
soil from this plot. 

Apart from marked increases over the check plots shown by 
aU manured plots in common, it is of interest to note that the 
potash salts have this year given decidedly larger increases in crop 
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than Phosphoric acid (as Superphosphate), Sulphate of potash 
being easily first, the Nitrate second, and Superphosphate third, 
both for the small and large applications. 

Leaving the excessive doses of potash and Phosphoric acid 
out of consideration however, we again find Sulpliate of ammonia 
at the head of list and Magnesium carbonate at the bottom of it 
as on Table No. I ; “ Lime only ” holding fourth place just above 
the small dose of Superphosphate 

These positions are largely what one would have expected to 
find, and in this connection a brief consideration of the action of 
the various manures applle<l will not be out of place. 

The action of most chemical manures on an acid soil, such as 
the one with which we are dealing, is twodold. 

Such manures are, of course, usually applied mainly, if not 
entirely, for their food-value to the crop which it is desired to 
produce, but their action is by no means entirely, or even primarily, 
biological. On the contrary, the immediate result of applying most 
manures of this kind to an acid soil is a purely cheraicfd one. 

One of the most important results of this, and of the previous 
series of similar exj^erimeuts at Borblietta by Hope and Andrews 
(3), has been the very marked way in wlncli the initial depressing 
effect of {)otash, as contrasted witli the immediate stimulating effect 
of Phosphoric acid (as Superphosphate) has been brought out, both 
in the case of tea and of green crops. 

Chemical analysis of tlie Borblietui soil— which is typical of the 
acid Tea soils of this part of Assam — reveals the presence of cer- 
tain salts of aluminium, which are either soluble in water themsehes, 
or at least [X)teutially capable of producing Alumina in soluble form, 
if acted on by the salts of strong acids, such as some of the chemi- 
cals with which we are dealing. 

Carpenter and Harler (d) have shown that such “soluble 
Alumina is toxic,” even when present only in such minute quanti- 
ties as one imrt per million, and the same writers attribute the 
initial depressant effect of potasli manures on tea and other crops 
directly to the power of this chemical of converting insoluble salts of 



30 EXPERIMENTS OF THE MANURING OF GREEN CROPS. 


Aluminium into a soluble form, in which they immediately pass into 
the soil solution and exercise a toxic effect on the crop. 

Superphosphate on the contrary, the action of which has been 
very thoroughly worked out by Meggit (5), has exactly the opposite 
effect on these soils, as also has Lime. 

For, whereas potash manures tend to liberate soluble Alumina, 
lime or phosphatic manures tend to fix any that may already be 
present in the soil solution as insoluble Aluminium phosphates or 
oxide, or as Calcium aluminate, none of which salts have any toxic 
action on plants. 

These facts are clearly borne out b}’ the figures on our tables, 
which can thus be the more readily understood. 

The initial depressant effect of the potash manures, so notice- 
able at first, has now worn off completely, normal soil conditions 
having become re-estiiblishe<i as the jx^ramtage of poUish m solution 
has gradually decreasal until it has become too weak to liberate 
further toxins, with the result that the ^xTy considerable food value 
of these manures has been able to exert a steadily increasing 
beneficial effect on the crop, as compared ndth that of the check 
plots, during tlie last three years. 

Phosphoric acid (as Superphosphate), on the other haiul, was 
immediately available as plant food from the start, being subject to 
no such check from toxic alujnaina as that suffered by the potash 
plots, but rather the reverse, with the result that its food value is 
now declining, partly owing to exhaustion, but also possibly 
partly to the gradual reversion to the soluble (toxic) form of the 
Alumina which it rendered insoluble when first applied. 

Summary. 

Apart from a slight general decrease in crops due to the seasonal 
influence, this year’s results may be compared with those obtained 
in the three previous years as follows : — 

(1) Lime alone continues to produce a definite increase in 
fertility and has more than maintained its superiority 
with regard to the check plots. 
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(2) MagtiBStd (with Ammonium sulphate) on the contrary 
has fallen away considerably, both as compared with the 
combination of Lime and Ammonium sulphate or with 
Lime alone, though it has practically maintained its 
position with regard to the check. 

(3) The Potash Manures in every case continue to show 
very big increases over the check plots, when considered 
in conjunction with Lime and Ammonium sulphate. In 
the case of the plots receiving Potassium sulphate, 
however, this is probably largely due to the additive 
effect of all three manures, for, if the beneficial effects 
of the lume and Ammonium sulphate are eliminated 
from the calculation, it will be seen that the decrease in 
yield on these plots is only slightly less than that on the 
checks. 

On the other hand the relatively very small decreases in 
actual crop shown by the Nitrate of potash are probably 
due entirely to seasonal influence, but for which there 
would apparently have been a decided increase in yield 
from these plots this year. 

(4) Phosjphoric Acid (as Superphosphate) has barely main- 
tained its position in relation to the check-plots, even 
with the assistance of Lime and Ammonium sidphate. 
The crops on these plots, however, had suffered dis- pro- 
portionately from prematurity when gathered, although 
this cannot entirely account for the decreases shown by 
them. 


CONCLUSIOKS. 


(1) Ten maunds of Lime still produces in the fourth year 
after application a strong residual effect. 

It apparently tends at least to maintmii if not to raise 
the fertility of all plots to which it was applied either 
alone or in conjunction with other manures. 

(2) Magnesia now shows a rapidly diminishing effect, and 
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after the second year its value has always been definitely 
inferior to that of lime. 

(3) Phosphoric Acid shows no further increase in fertility in 
the fourth year either for the large or small dressings of 
Superphosphate, but rather the reverse. The residual 
effect, however, is still sufficiently strong to maintain 
very large crop increases over the check-plots, and, in 
the case of the heavy dressing only, an increase of half 
a ton per acre over the 3 plots receiving no Superphos- 
phate but the same other manures. 

(4) Potash salts continue to show marked beneficial effect 
after a lapse of four years, this being especially so in 
the case of the Nitrate, which has this year produced 
greater increases in fertility than any other single 
manure with the exception of Ammonium sulphate. 
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NOTES. 


The Preservation of Timber — The chief and effective preserva- 
tion o£ timber from attack by fungi and insects is a problem which is 
constantly before the planter. Many processes have been recom- 
mended, most of which demand that the timber should be either 
kiln-dried or treated with preservatives in a vacuum. Neither of 
these two processes is possible on a tea garden. The recommenda- 
tions put forward! by the Forest Products Laboratory, U. S. A., 
which follow, may therefore be of some interest. Green 
timl)er which cannot be kiln-dided is liable to attack by fungi, 
many of which produce blue stains, and ’vvliich in any case render 
the timber liable to rot. It has been found that the attacks of 
fungi may be pre^^ented by dipping the wood into warm solutions 
of either sodium carbonate (soda ash) or sodium bicarbonate". In 
wet weather an 8 per cent solution of the airbonate, or an 1 1 per 
cent solution of the bicarbonate, can be used, and the concentra- 
tion of the solution uui be reduced to 4 and 5 per cent respectively 
in dry weather. The timber should be treated immediately after 
sawing and then piled in such a ^vay as to ensure ample ventilation. 

This recomnieiidation seems delightfuUy simple, and would be 
inexpensive, and with the authority of the Forest Products 
Laboratory behind it would seem to be well worth a trial, more 
especially since soda ash is easily procurable and is now a days kept 
in stock on most up-to-date gardens. 

E. A. A, 


Temperature control of firing machines.— M the present time 
when the necessity ior the production of the best tea possible is o 
paramount iiiiportaucc, all that can aid in this direction is o 

importance and aiiy.mccliaiiical device that wUl help to the attain- 
ment of greater control of the operations in tea manufacture ne^s 
to receive careful attention, and perhaps one of the processes that 
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is difficult to continually control tBroughout the working period is 
the temperature of the firing machinery. The fluctuations in the 
temperature can be rapid and of considerable amount througli 
uneven firing, and unless a constant watch can be kept upon the 
machine thermometer there is no means of asceilaining whether 
this operation has been properly carried out. The thermometer on 
many machines is in such a position that it is difficult to read. 
An instrument that affords a means of simply and efficiently 
controlling tlie firing operation is a recording thermometer, of which 
there are several different makes at the present time on the market. 
A type, however, that has given good results in this direction is one 
of the ty{)e made by the Brown Instrument C’om]iaay, Philadel])hia, 
and is now (] noted at the price of 60 dollars. 

AVhilst such an instrument is of use in any tea factory it is 
more particularly so in those factories M'here an Assismnt Maiuiger 
cannot constantly ])e in the factory during the time of manufacture. 
The instrument gives a continuous record of the temperature of tlie 
firing machine during the perial it is at work and any irregularity 
in firing can ascertained a.s also the extent oi‘ tlie irregularity au<l 
the time at which such occurral. The more extended use of record- 
ing thermometers in tea firing machinery is to be ad\’ociited as a 
means of assisting tow ards more efficient ^vorking. 


P. H. C. 
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thp: fungus diseases of the tea leaf 


BY 

A. C. Tunstall, b. sc. 

AND 

S. C. Bose. 

( (^ntinued from 192 f Part IV ^ Fa*je 213). 


Blister Bliirht — E.vobasidmn ve.rans^ Mass. 

In the course of the iiuestigatious careful enquiries were 
carried out on e^'ery garden in the Darjeeling district and the 
following conclusions ^vcre made. 

Jat of tea : Tt was found that all jats of tea were attacked 
similarly. The only distinction tliat can be matle is that in certain 
cases the dark leafed jats of tea appeared to be less susceptible. 
Not only ^vere all jats susceptible but no individual bushes were 
found to be immune. 

Class and condition of soil did not make any appreciable 
difference to susce]>tibility. 

Climate was found to be the mosi important factor in the 
distribution of the disease. Ekn ation alonu was only of importance 
in so far as it i]ifluenced the tem[)eratiire and humidity. The 
optimum temt>erature is somewhere in the neighbourhood of 60 F 
and the dampr the atnuisphere the better for the blight Asa 
rule the best conditions for the blight are when a few days of good 
growing weather are succeeded by dull cool weather. The gooii 
growing weather provides an ample siqipl} suihible leaf and the 
succeeding dull damp weather gives optimum conditions foi the 
distribution of the spores of the blight. Shade, particularly damp 
shade, favours the disease and bright sunshine is the best cure 
known. 
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Cultural conditions ' only important in so far as they regulate 
the condition of the leaf. The more succulent the leaf, the more 
liable it is to attack. Manures tending to produce rank growth, 
e.g,^ those rich in nitrogen, tend to increase the susceptibility to 
attack. One of the most important factors governing the condition 
of the leaf is the pruning of the bush. Tlie heavier the pruning 
the more succulent the leaf. Pruning is also important from the 
following jx>int of view. Badly pruned and uiipruned bushes 
have a lot of t\viggy wood inside the frame and young shoots are 
often present on tliis w*ood in the cold weather. The blister 
frequently may be found on those shoots througliout the ye^ir. 
They therefore act as harbouring places for the disease. Plucking 
is naturally of great importance as the only leaf blister can attack, 
is the succulent leaf. 

The Presence of Exobasidium in thr Jungle. 

In the course of the investigations on blister blight in 
Darjeeling a prolonged search was made for the disetise on other 
plants in the jungle in the neiglibourhood of the tea gardens. 
Only one plant was found with a disease resembling blister blight. 
This plant was Symplocos thecefolia, Kherani. A aireful investi- 
gation of the fungus on it led to the conclusion that although it 
was an Exohasidmm it was probably a different sjxicies from that 
found on tea. It was then concluded that the tea disease fungus 
was not present in the jungle. Later on, however, an outbreak 
of blister occurred in the Mangaldai district on a garden adjoining 
the hills. There seemed to be nothing to account for the sudden 
appearance of the disease as the garden in question was well isolated 
from other tea. The gardens in North Lakh iin pur and a few in 
the Dooars were also affected similarly. A study of the climatic 
conditions of these gardens revealed nothing strikingly different 
from the other gardens in the districts in which they were 
situated. Their geographical situation was then studied and it 
was found that deep valleys cut off most of the gardens in the 
distiTcts which are so far immune from direct communication 
with the higher ranges Uf the Himalayas while the gardens on 
which the blister had appeared were not »o isolated. It seemed 
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possible that the disease had some connection with the higher 
ranges o£ the Himalayas. All the gardens in Tezpur, Bishnath 
and Behah have never had blister, while those near the hUls in 
Mangaldai and Nortli Lakhimpur get it. in Darjeeling this 
opinion was strengthened by the knowledge that the disease 
started at the top of the Rungbong valley in 1909 and did not 
reach the Teesta valley gardens until two years later. The disease 
was found at Munsong on a few acres of tea planted in the 
cinchona in 1907 or 1908. In 1908 it was found on two gardens 
in the hills near the Dooars and another in Bhutan. Rungbong 
valley is in direct connection with the higher ranges while the 
Teesta valley is cut off from them by the valleys of the Teesta 
and Ruugeet. An explanation of this apparent connection with 
tlie higher ranges of the Himalayas was then sought. From 
native rumour it was learned that the Rhododcndvou forests were 
attackeil by a diseiise similar in apjx'arance to blister blight It 
was some time before an o[>portuuity could be made to further 
investigate this, but in 1919 the Mycologist visited the Rhododen- 
dron forests in tlie neighbourhood of the Jelap La Pass. He 
time<l his visit so that he would arrive there at the time when 
blister would be likely to a[>p&ir. As the season was exceptionallv 
dr}* he delayed his departure until he got news that Exohasidmn 
wa.s actuall}* prevalent on some of the jungle trees. He then 
set out accompmial by two Lepcha botanical collectors fi’om the 
Lloyd Botanic Garden for the Jelap La Pass into Tibet. He 
reached KalimjKuig the first day via Rungeet valley and Melli 
bridge. He went on next day to Pedong where he stayed for 
some days while the jungle was searched for the blister. Here 
lie had the pleasure of meeting Mr. Green of the Munsong Cin- 
chona Plantation, who gave liim a list of the trees on which he 
hiui observed disease resembling Idister blight. The Lepchas 
liad meanwhile obduned Exobasidium on Ungiri {Fieris ovalifolia) 
Kherani {Sytnplocos the fv folia) and another shrub which they 
also called Kherani. Successful cultures were made of these and 
microscopic slides, drawings and photographs prepared. A move 
was then made to Saioncheii, sf)ending one night at Ari en route. 
At Sedouchen the Mycologist aimped for some days while the 
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Lepchas searched the jungle round Gnatong (12,300 ft.) and the 
Jelap La Pass (14,300 ft ). The road below Sedonchen climbs up 
a magnificent gorge, passing successively all classes of vegeta- 
tion, from tropical to Alpine forests. It is very steep, rising over 

10.000 ft. in 20 miles. The Rhododendron forest begins about 

9.000 ft. above sea-leA^el and continues to about 13,000 ft. It 
was in this belt that the Exohasidium was most prevalent. Tlie 
weather was very Avet and the mountains Avere envelojxKi in thick 
mist, just the thing for the blister blight and the epidemic of 
disease Avas just at the right stage Avhen the Mycologist observed 
it. All species of Rhododendron seemed to l)e attacked and tlie 
yellOAvish or pinkish blisters were almost as noticeable a featun^ 
of the landscape as fioAvers. Cultures, slides, pliotograplis and 
draAvings Avere obtained of Eusohasidinm on five s]>ecies. The 
natives stated that this disease had only ap|K*ared in reevut times, 
i. Avithin their recollection ; but this information ma}^ not l>e 
reliable. When no further s]>ecimen8 Avere forthcoming tlu‘ 
Mycologist returned to Darjeeling via Pedong, ]\alim|X)ng and 
Kungli Rungliot. It was foiiiri that the sha|)es and si^es of the 
Exobasidium spores varied very considerably not onlv on the 
different sjxx'ies of Rhododendron l)iit also on the same species. 
Home of the blisters examiiu'tl had sjxjres of size anti shape similar 
to those found on tea. Lnfortunately it wjis not j)ossil)le to carry 
out iu(x:ulatiou experiments on tea as the cultures did not survive 
the journey to Assam and so far it has l^n iinpossil)le to 8{)are 
the time to make another trip to collect fresh material. S{xxia] 
precautions such as the provision of cool incubators, ice boxes, 
etc., are necessjiry to ensure the satisfactory groAvth of this fum^us 
on artificial nie<lia under the climatic conditions of Assam in tin* 
rainy season. The blister blight of tea very rarely survives the 
journey from Darjeeling to Assam. It is obvious that the disease 
was not introduced into Darjeeling in j^eoples’ clothes or in any 
other accidental way of a similar nature from Assam. It is 
extremely unlikely that the disease was carried in tea seed as 
Assam tea seed from infected gardens has been exjAorted to many 
places for many years Avithout any outbreak of blister blight 
folloAving. It seems much more probable, in view of the iufor- 
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mation given above, that the disease has spread from somewhere 
north of China through the Rhododendron forest^ of the 
Himalayas and that it reached Darjeeling in this manner. During 
a portion of his long leave the Mycologist paid a visit to one of 
the higher mountain ranges in the Naga Hills and found the 
disease in the Rhododendrons there also. The plate sliows the 
ap[)earance of Exohasidiom on various species of Rhododendron 
and allied plants. Until further work has been carried out on 
these species of Exobasidium it is impossible to say which, if 
any, is identical with that found on tea. They all vary so much 
individually that it is possible they are all the same species. 

These Rhododendron forests are a long way from the present 
tea gardens and it may well be askal how the fungus covers the 
intervening distance. A study of the temi?erature records in rela- 
tion to outbreaks of the disease shows in many cases that a sudden 
fall in tem]>erature occurred ten days to a fortnight before the 
disfeise api^eared. In Darjeeling and other places close to the 
Himalayas a sudden fall in temix^rature is generally due to a 
wind from the mount: tins. In cases where there is no deep, hot 
valley in between tlie spores of the blight could easily l^e carried the 
rcfiuired distance' witluMit injury. The intervention of a deep valley 
would alter the humidity and temperature of the wind besides 
possibly changing its course. As it takes ten days to a fortnight 
for the disetise to develop blisters after infection it is possible that 
infection took place about the time the spores causihg the outbreak 
were borne on the wind Avliich caused the louver ing in temperature. 

Treatment. 

Manuring : Some ex|Xiriments were made with manurial 
applications and salt and pohissium chloride ^^ere tiled with a view 
to checking the growTli of young leaf temporarily. They did 
check the growth and reduce the intensity of blight attack in 
consei^ueiice. It ^vas hoped that this tempoiary check would 
enable the spraying or other treatment to get ahead of the blight. 
It was not altogether satisfactory as the climatic conditions are 
such that the effect both of the manure and the spraying only 
persisted a very short time. 
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Spraying : A great many experiments were made to deter- 
mine the best spray fluid. It was found that spraying alone is 
only a palliative whate\^er solution is employed. The climatic 
condition and the manner in which tea grows make it impossible 
to cure a disease like blister blight by sprajing alone. The spray 
fluids experimented with may he divided into three gi'oups. 
Firstly, those ailculated to stimulate the plant so that the leaf will 
grow more rapidly than the fungus ; secondly, those intended to 
check the growth of the leaf and cause the succulent lejives to 
harden rapidly thus making them less liable to attack, and thirdly, 
those whose action is fungicidal. 

Spraying the bushes witli weak solutions of nitrate of soda 
was tried with the first object, but it was found that although the 
growth was to some extent stimulatal the bushes were renderetl 
more liable to attacks of sucli diseases as brown and cop|X"r 
blight. This method of treatement was therefore al)andoned. 

Salt and potassiaiii chloride solutions were tried for the purpose 
of hardening the leaves rapidly. They succeeded in their object but 
reduced the crop considerably. Their use, except in special aises, is 
not therefore recommended. The most sjitisfactory fluids were 
those which had a direct fungicidal action. Very many exj^eriments 
were carried out with these. Bordeaux mixture in various forms 
and concentrations, Burgundy mixture and lime .sulphur solutions 
were tried. It was found that for practicjd work solutions requiring 
speciid care in their prejwation and application were undesirable. 
Burgundy mixture is easier to prepare than Bordeaux mixture, and 
although Bordeaux mixture of similar concentration is a better 
fungicide than Burgundy mixture tlie latter is preferable for practical 
use. Unfortunately both Bordeaux and Burgundy mixtures form 
precipitates and in their application it is necessary to keep them well 
stirred. This is seldom done properly on tea gardens and for this 
reason we have been led to recommend lime sulphur solution as the 
best all round spray fluid for practical use. The preparation and 
storage of the conceutratal solution refpiires a little care, but it can 
be done at the tea house under European supervision, but there is 
little possifulity of mistakes occurring in the field where suj)er vision 
is necessarily more difficult. 
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Pruning and PlucHng : On gardens where the tea is 
thoroughly well pruned and where there is no abandoned tea on 
which the disease may pass unobserved it has frequently been 
found possible to eradicate the disease altogether from the garden 
by the careful removal of all blisters in the cold weather. This 
of course is quite out of the question in tlie case of Darjceliug 
gardens as the distances between gardens are not great enough to 
prevent re- infection from neigbours, but careful pniniug will in' any 
ca.se Eacilitate treatment of tlie disease. It is of course necessary 
to prune heavily at times, but whenever lieavy j>runiMg is airried 
out it should be done as early in the cold ^veather as jxissible so 
that good growth will l>e obtained before the blister blight season 
arrives. If this precaution is neglected it is ]>robable that the 
young shoot will Ixj killed right down to the lieavv wo{xl and some 
of the bushes may die rigltt out. In any case it is desirable that 
heavy jffuned tea l)e protecta.l by frer|ueut aj)pIicatious of spra\^ 
fluid until satisfactory growth has l)een assured. None of the 
systems of plucking ordinarily carried out were found to influence 
the blight noticeably. Various planters in Darjeeling trial hard 
plucking with the idea that by removing all the succulent leaf the 
blister would die out for lack of food. This idea Avas very sound 
in theory but was im|>ossible in ])ractice as labour Avas insufficient 
to carry it out over the whole area. In consequence the heavy 
] ducked blocks Avere re-infected from the surrounding tai and tlieir 
last condition was Avorse than before. I nder cerffiin cirm instances 
the ifiuoval of all succulent leaf is a very sati.sfactorA method of 
dealing with the disease. For instiuice in the cold AAcather the 
careful removal of all succulent leaf from un]>ruual and light 
pruned tea and the spraying of the re.st witli fungicidal solutions 
does eradicate the disease and in the case of isolated garden^ thU 
method hus been proved effective re|)eatedly. 

The development of the disease in the leaf takes some time 
and when the leaf grows more quickly than the disease it is possible 
to save a lot of tea by plucking it before tlie disease lias had time 
to produce blisters. Unfortunately under Darjeeling conditions 
the blister generally grows more quickly than the leaf and in 
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consequence the is badly injured before it is ready for plucking. 
In Assam the rapid growth of the leaf prevents the disease doing 
much damage except on young and cut- back tea. In the growing 
season, however, the removal of all succulent leaf is not only impos- 
sible but undesirable when the attack is general. If there is no 
possibility of preventing, further infection the removal of all 
succulent leaf would possibly cause more serious injury to tlie bush 
than the disease as the new leaf may be infected as soon as it 
api^ears and the bush ma}’ suffer by tlie abnormal restrictions of 
its leaf surface. If the leaves usually left in the bush are not 
removed although tliey may have blisters on them the uninjurefl 
portions will still continue their functions and the later flushes 
will lose little in vigour. On tlie other hand in tlie case of a small 
outbreak of the disease it is possible to prevent further s|)read and 
ultimately to eradicate the disease by close plucking the area in 
which it has ajqieared, taking precautions to prevent it from sprea<l- 
ing to other areas by various methods to 1)0 discussed later. 

Co-operaiive treatment : In the case of isolate<l gardens 
blister blight is not a difficult disease to eradicate, but in a district 
like Darjeeling where the gardens are so situated that isolation is 
out of the question the problem is very difficult. It is extremely 
unlikely that disease 'will ever bo eradicated and it is quite impossi- 
1>le to even check a severe attack unless gardens act in strict co-f>|X‘r- 
ation. In 1913 one of the writers pro]>osed a co-o]>erative schenn' 
for dealing with this disease and the sclieme was favouniblv 
received by the planters. It was decided that it })e tried oti a small 
scale in a more less isolated ])ortion of the district. The outbreak 
of war and the subsequent slump prevented the attein]>t })ciug made. 
The scheme is described at length in Quarterly Journal^ 191fl, Part 
IV, pp. 142-153. 

SUMMAKY OF RECOMMENDATIONS. 

The treatment of blister blight may l)e summarised as 
follows : — 

1. The careful removal of all blistere<i leaves in the cold 
weather. 
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2. Keeping a careful w«atch for rU outbreaks tliroughout 

the season. 

3. Immediate isolation of infected areas. Only special 

coolies should be allowed to go into them and these 
coolies should change their clothes immediately 
afterwards. 

4. riie immediate removal of all blistered leaves and also 

the removal of all leaves liable to attack from the 
infected l.)ushes and their neighbours. The leaves 
should l>e buried on the spot. 

0 . S{)raying the infected areas ^vith a fungicidal solution 
such as Lime sulphur solution, Bordeaux or Bur- 
gundy mixtures, immediately after removing the 
leaves. 

h. Ke|)t'atiug the spraying of infected areas when the new 
leiives are appearing. 

7. Heavy pruning should be carried out as early as 

]) 08 sible. 

8. All heavy primed or young tea should be protected 

by re]>eaterl ajiplicatioiis of spray fluid. 



FACTORS AFFECTING THE QUALITY OF TEA 

P. H. Carpenter, f.lc., f.c.s. 

H. R. Cooper, b, sc., f.c.s. 


The Notes on Tea Manufacture published in Quarterly Journal 
1921, Part II, were received with so unexpectedly great an interest, 
and led to so many questions dealing with the subject of quality 
generally and particularly on the purely scientific side, that it is 
thought well to add more detailed informatio/i to the adinittedlv 
scrappy notes gi\*en in partial explanation of the practical manufac- 
turing operations advised. 


Part I. 

Constituents of the Tea Leaf: In tea leiif the following are 
the more important substances found : — «iffeine, essential oil 
albuminoid substances, the ash constituents (lime, potash, phospho- 
ric acid, silicsq etc.), gummy substances and tannin. 

As before stated, caffeine although responsible for the refresh- 
ing properties of tea is a colourless, odourless and practically taste- 
less substance and would not therefore be ex])ectetl to influence the 
market value of tea. 

The essential oil is prej>aral by distilling tea with steam, and 
dissolving the oil with ether from the water with which it distils 
over* The essential oil is thus obtjuned in very small quantity. 
Bamber found about 3 parts in 10,000 parts tea, and describes it as 
forming colourless, highly refracting, irregular- shaped drops. Von 
Romburgh found only 6 parts in 100,000. The quantity obtain- 
able being so small the esvsential oil has been very little investigated. 
It has been shown to contain acetone, methyl alcohol, and methyl 
salicylate which are factors in producing the aroma, but the 
substance responsible for the characteristic odour of tea has not 
been discovered. Green leaf possesses none even when crushed, 
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(although it contains some volatile oil)^ but properly withered leaf 
always has a pleasant smell resembling that of made tea, while the 
full aroma only appears during firing. The percentage of volatile 
oil increases after fermentation, and decreases during firing by 
evaporation. 

The (ilhuTMUOids^ being extractable by boiling water only in 
small quantity, are of little interest. They do, however, probably 
render some of the tannin insoluble during the fermentation 
process and therefore have an indirect influence on quality. 

In Japan it has been found that amino- acids have an influence 
on the quality of gi^eeu tea. The quantity of these compounds in 
the leaf is increased by manuring with nitrogenous manures and 
flavour is also increased. With black teas in India nitrogenous 
manuring tends rather to decrease than to increase quality probably 
by lowering the tannin content (marked pungency is not esteemed 
ill green teji) and it may therefore be assumed that these amino- 
acids have little influeuc*e on the flavour of black teas. 

The ash comtituents am have little or no direct influence on 
quality, but Mann gives a few analyses showing that teas of good 
(piality contain higher proportions of phosphoric acid and potash 
than poor teas. 

Qummy substances (jiectin, jiectoses, etc.) occur in considerable 
quantity, and dissolve to a great extent in boiling water. Bamber 
suggests that they may affect quality by increasing the “ thickness ” 
of the liquor. On cooling they form substances of a gelatinous 
consistency, which Bamber suggested might form part of the solid 
which is precipitated out of solution when good teas “ cream down.” 
“ Creaming down,” however, is probably due to certain properties 
of tannin and caffeine which will be mentioned later. 

Tannin has a raarkal astringent taste and is present in consi- 
derable quantity in the infusion made with boiling water. It 
therefore greatly influenc*es the tiiste of the liquor. Its fermenta- 
tion products are strongly coloureil and therefore influence the 
colour of the liquors. At least one of the ferment^ition products 
has an agreeable sweet taste. 



46 


FACTORS AFFECTING THE QUALITY OF TEA. 


It would appear, then, that the (juautity of tauiiiii present 
should be an appreciable factor in influencing quality as measured 
by market price. 

Influence of Tannin on quality : — Hooj)er and Mann have 
separately published a certain number of analyses showing some 
connection between tmnin content and market price. 


Mann quotes the following figures : — 



Cachar 

Pekoe. 

Duars 

Pekoe. 

Duars 

Pekoe 

' Souchong. 

Assam 

Pekoe. 

! Assam 
‘ Orange 
■ Pekoe. 

Value in annas 

4/2 1 

' 1 

4/2 

3 8 

5 2 

7 6 

Total matter dissolved .. 

, 

2838 

26-29 

i 23-69 

29-38 

1 31 58 

j 

Tannin Yr ... 

7-56 

7-29 

1 6-48 

j 

8-23 

I 

10-98 

These figures were 

obtained 

jifter five miuutCf^ 

' extraction at the 


boiling point of water. 

In 1911 and 1915 a large number <jf analyses were imuh* by 
the writers, but were not [uiblished jxirtly Ix'cause the results were 
not very definite, and partly })ecause tlie ehemist chiefly concerned 
left the De})artmcnt for war service b(‘fore the work was conqdc^ted. 

If only to save further effort in the same direction the results 
are now summarised as shortly as possible. 

In addition to total timnin* and caffeine, the tobd solid »le 
solids, and “combinwl’’ tannin and caffeine, were estimated. 

A striaig infusion of tea deposits on cooling a (lark-coloure<l 
precipitate ; the tea is said to “ cream down.” A worker 

* Tannin waa estimated by titration with permanganate of the extract (to which 
indigo carmine had been added), before and after precipitation of the tannin hy gelatine. 
The factor used for calculation was 1 cc. N. K Mn 0, =‘0410 grams tannin. The method 
therefore estimates all the soluble oxidisable matter which precipitates gelatine, and 
includes all substances which possess tanning properties. Total solids were ^ieterraiiiecl 
by etaporating a part of the extrset to tlryness. In all cases results are calculated as 
percentages of the dry tea. 
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(imuamed) in the Laucct ’laboratory showed that this predpi- 
tate contained caffeine and tannin, roughly in proportion ( by 
weight) of 3 parts tannin to 1. part caffeine. He suggested that 
a compound of tannin with caffeine liad ]>roperties different from 
that of a mere mixture of tanniu with caffeine, that the supposed 
harmful physiological effects of free tannin and free caffeine were 
reduced l}y tlie combination of the tw^o to form a compound, and 
that tliis comjiound ]30ssessed an agreeable flavour superior to the 
coarse pungency of free tiinnin. The “ Laiicet ” worker publislied 
a number of analyses of g<x)d and bad teas sliowing that the ratio 
of tannin to cjiff'eine in good teas was roughly 3 : 1, while in 
teas of ])oorer (juality there was an excess of one or the other. 

The rough ]n*o])ortion of 3 parts tannin to 1 part caffeine in 
the ^‘creaniing down” precipitate was confirmed in tlie Tocklai 
laboratory. Tills ^d'ream” was found to be more completely 
precipitated wdieu salted out by saturating ti^a extracts w itli ammo- 
nium sulpliato, and a precipitate of similar composition was 
obtained even from weak tea infusions by saturating tlie liquid 
with ammonium sill] )hatc. In the following analyses “eoialfiued 
caffeine ” w^as estimated by saturating the infusion wdth ammonium 
sulphate, and estimating the caffeine in the jireeipitate. The 
figures given under c(>ml)itu‘d tannin ’ are approximations 
olitained Ijy multi] dying the ]iercentage of combined caffeine” 
l>y 3. 


Extracts made by the metlnxls used by tea tasters, tvere found 
to vary very considerably in coinjiositiou and to sucli an extent that 
they couhl not lie used for supplying analytical data. The extracts 
analysed WTre prejiared by lioiling o grams of tea with 400 cubic 
centimetres of water for lialf an liour under a reflux condenser^ 
cooling, and making u]i the N olume to oOO ccs. By this method 
extracts of constant com|x^sitiou wTre obtained. 

The following table (Table 1) slio^vs the results obtained on 
samples of B. 0. P. The prices given are with fe^v exceptions 
Calcutta valuations (1014) at about the same time. In a few 
instances selling ]>rice only could 1)0 obtained. 



48 


FACTORS AFFECTING THE QUALITY OF TEA. 


Table 

Broken Orange 
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4 31 

3-02 

9*1 

6 

12 

0 

10 

0 

13-7 

41 3 

33-2 

4 44 

1-73 

5-2 

31 

13 

0 

“9 

9 

17‘5 

42 4 

41*2 

4 07 

3*32 

10-0 

25 

14 

0 

9 

6 

18 3 

; 43-6 

42-0 : 

4-96 

3-36 1 

101 

35 

15 

0 

9 

H 

13*2 

44-9 

40-5 

4 23 


8 9 

46 

16 

0 

9 

3 

16 1 

43-0 

37-7 

3-62 


9-9 

77 

17 

0 

9 

0 

14 9 

43-9 

33'9 

4-44 


12 1 

18 

18 

0 

9 

1 0 

18 ’8 

41-6 

4.r2 

4 54 

2-70 

8-1 

20 

19 

0 

H 

9 

18-5 

43-2 ■ 

42 ’8 





21 

20 

0 

8 

9 

17-5 

42-2 

41*5 

4-63 1 

2 55 

7 G 

55 

21 

0 

8 i 

7^i 18‘5 

1 43-2 

42 8 

5-72 i 

3-10 

9-2 

16 

22 

0 

8 

4^^ 18-5 

41-3 

44-8 

4-40 

234 

7-0 

75 

23 

0 

8 

3 

135 

i 416 

32-5 

3-48 

2-80 

8-4 

7 

24 

0 

8 

3 

; 14-4 

; 40-6 

35 ’5 

4-18 

2-63 

7*9 

24 

25 

0 

8 

3 

j 18-0 

; 42-7 

421 

5‘60 

2*57 

7 7 

40 

26 

0 

7 

lOi; 15-9 

■ 40*2 

39-5 

4-68 

..... 



13 

27 

0 

7 

lOf 

' 18 6 

41-3 

44-8 

3-09 

2-70 

8*1 

32 

28 

0 

7 

9 

140 

41*1 

34-1 

3'71 

2-80 

8*4 

69 

29 

0 

7 

7 

13-7 

( 40-4 

1 

33-9 

4-93 

3*90 

11-7 










L 

Pekoes, 


CARPENTER AND COOPER. 


49 


Solids not 
caffeine or 
tannin by 1 
difference. ! 

Free 

tan- 

nin. 

Free 

caffeine. 

12*6 

lfi-8 

3-87 

180 

8-8 

0-88 

22*0 

7*8 

2*10 

19*8 

12*3 

4*.57 

22-.0 

9*0 

2*8 

1(5*5 

9 0 

i-o 

228 

8*9 

1-4 

22*1 

’8-4 

1*29 

23*2 

8-5 

2-71 

20-8 

7*5 

0 75 

20 3 

8-2 

1'60 

225 

9*3 

1-3 

23-3 

6-2 

0*31 

24-6 

2*8 

0*39 

18-3 

10 7 

1-84 

20-2 

9-9 

1-98 

190 

9-2 

2*62 

18*4 

n-5 

2 06 

24*6 

5*1 

0-68 

220 

6*5 

1-55 

191 

10*3 

31 

19*6 



19 7 

10-4 

. 1*39 

234 

5 6 

09 

21*8 

2 0 

1 1*03 


Remarks aad Tasters’ Report. 


( Fine pungent liquor. Cup colour good. Infusions bright, 
leaf good make and very good bright tip. 


Dry 


( Fair liquor lacking in briskness, cup colour fairly good. Infu- 
\ aions bright. Dry leaf good make and twist some bright tip. 

( Fairly good infused leaf. Fair quality. Brisk, fairly strong and 
^ coloury, little point. Well made leaf. Even fair tip. 

C Liquors too thin but fair strength. A little flavour but wanting 
j in quality. Infusions dull and green. Dry leaf well made, 
( Fair amount bright tip. 

B. 0. P, Liquor a little strong and full*. Infusions fair, 


Useful B. 0. P. with fair tip. 

Good size, little mixed with fannings few tips, wanting in brisk- 
ness fair colour and strength liquors barely equal to usual 
standard. 


( Liquors fair colour and strength. Infusions fairly bright. Dry 
leaf useful make. 

f Blackish leaf, colour fair, Brisk liquor. Infused leaf a shade 
I dark. 


( Nice liquors with a little flavour. Useful colour strength. 
( Infnsiors fairly bright. Dry leaf useful. 

Leaf black broken pekoe fair tip clean brisk liquor, 
f Plain liquor. Useful colour and strength. Infusions not very 
I bright. Dry leaf has fair size and make. 

( Clean plain liquor. Cup colour fairly good. Infusions a little 
[ bright. Dry leaf good make. 

( Liquor fair colour and strength. Infusions fairly bright, some 
[ green showing up. Dry leaf a little mixed. 


f Clean but rather light liquor. Cup colour fairly good. Infu- 
[ sions show up a little green. Dry leaf has good make. 

r Liquors fairly bright with useful colour and strength, Infu- 
3 sions rather dull mixed. Dry leaf useful size and make, B, 0. 
C P. very flat and Flakey. 
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Ill the aise of the No. 5 tea selling price on the London 
market only was obtained, and for comparison with the others 
its value has been pnt down as 2 annas less than tlie number of 
pence per lb. paid in London. 

Tasters’ reports are given in cases where they were obtainable. 

It will lx* seen tliat the ]iercentag(^ of combined caffeine 
])resent has no a|)parent relation to tlie market j)rice, neither has 
the |)ercentage of free fomuin. 

The total cjiffeine, altliongh the extreme variation is }x‘twet*n 
5'09% (near the Ixittom of tlie table) and 7 *36^ (at the top 
of the table), is in only a few instances greatly different from 
between 4 and 4|- }»er cent., and such variation as exists is ([uite 
irregular. Total caffeine, then, cannot l>e correlated with price. 

The total solids vary only between 40’2 and 47*3, and the 
]>ercentage is rareh' far from 43, yvt high figures are fairly consist- 
entlv found at the to|) of the table, and low figures at the bottom. 

The figures for total tannin vary between 13*7% and 27*3% 
and the correlation witli price is not to close as in the case of tlic 
total solids, yet here too, high figures iip|>(.'ar at the to]) of the list, 
and low figures at the bottom. Tannin is assumed to give liqours 
the quality known as “ briskness ” and jamgency.” Since this is 
not the only factor affecting the value, this one factor cannot be 
ex]>ected to sliow a ver\* strict corres{>ondence with ])rice. 

Mere ap])earance, iiicludiug tlie colour of file dry tea and 
presence of tij), has a great value. Neither are tlie fermentation 
products of tannin, which affect the colour and taste of the liquors, 
estimated by the metliml ailopted. 

Averaging user ranges of price the following figures arc 
obtiiiiied : — 

Broken Okangi: Pkkok. 


ViiiDatiou. 

Total tannin. 

Total Holidfl. 

11 annas and above 

18-1 

43-8 

10 

177 

43-1 

9 n , 

17-3 

432 

8 „ „ „ ! 

17-0 i 

42-2 

7 ,, , ,1 ••• 

15'3 

i 

40-7 
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While the highest and lowest priced stand out as compara- 
tively high and low respectively in tannin, there is little average 
variation between 8 and 10 annas. ° 

In total solids again the highest and lowest show up, and 
there is a remarkable regularity in teas valued between 9 and 11 
annas. 

It may be said therefore that comparisons of total tannin 
and total solids will at least distinguish lietweeu very good teas 
and very bad ones although teas of approximately the same class 
cannot be placed among tliemHelves. 


On teas other than B. 0, P, the following averages Avere 
obtninal after analysis of 40 siimjiles, mainly Pekoe-Souchong 


Viiluation. 

Total tannin. 

, 

Total solids. 

9 annas and above 

! 

167 

4M 

B 

14-8 

40-6 

7 „ ,, „ 

13 8 

397 

6-6 „ „ „ 

14-2 

39-6 


The low average figures compared to those from B. 0. P. are 
noticeable. This howev'er is fre(juently accounted for by the fact 
that many of them were not broken teas, wliile even the broken 
teas are much coarser than the B. 0. P.’s 

Being less fineh’ dividal, these teas will not give up so much 
of their soluble matter to Ixiiling water, and therefore give liquors 
of less “ strengtli,” which, in general, seems to be the quality 
measured by c'stimatiou of tobil solids and tannin. That liquors 
must j)ossess (piality other tiian strcngtli so measured, is shown 
by the fact that for example B. 0. P.’s averaging 15 '3^ tannin 
itnd 40*7 % total solids are vnlued at only 7 annas, wliile less 
broken teas averaging 1 4 ‘8^ tannin and 40’6% total solids are 
valued at 8 annas. This was in 1914 : whether the less strono- 

o 

liquors would he \’alued so highly on the present market, is doubt- 
ful. Our assumption, then, is that the tohil soluble solids and 
bmnin give a rough measure of strength,” while the tohil tannin 
alone gives a still rougher measure of briskness ” or “ pungency.” 
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It is interesting to see how far these assumptions are borne out by 
the feisters’ reports shown in table 1. 

The No. 1 tai with the exceptionally high tannin content is 
noticed for its “ fine pungent liquor.” “ Strength ” is not noticed. 
The total solids are only high on account of the tannin present. 
The solids other than tannin are lower than the average of this class 
of tea. The No. 4 sample is noticed as “ lacking in briskness,” and 
its humin content is noticeably lo^v for teas of that value. Both 
Nos. 6 and 12 samples (from the same garden) are comparative!}’ 
low in tannin. No. 6 is noted as “ brisk,” which is not in 
accordance with ex})ectation. Tins invoice, however, is notibh' 
higher in tannin than the other invoice which is noted as “ wanting 
in briskness.” The briskness of the No. 6 is |X)ssibly only 
comparative, since all the te^is analysal from this garden are below 
the average in tannin and total solids and presumably get tlieir 
price for qualities other than strength. They fretjuently show 
flavour above the average of the teas analysed, from which te;ts 
from districts giving much tla\'our were excluded iu order to avoid 
interference from the flavour factor as far as possible. 

The No. 7 sample {)ossesses higli tiuuiu, and akhuugli brisk- 
ness is not alluded to, “ strength ’'is. The green infusions infer 
inproper fermentation, high Utnniii being retaincil at the ex|Kiasi‘ 
of the necessary fermentation products of tinniii. 

The No. 9 sample shows* high tannin and totd solids and n- 
noted as strong and full. Briskness is not inentionetl. 

No. 11 also analyses well in tiunin and totil solkls. The 
liquors Jire only referral to as l^eing of fair colour and strength. 

No. 15 is uotical for its brisk lupior and contiins tiuniii 
above the average for its price. 

No. 18 of high tmniu content is only uotical for useful 
strength but No. 19 of about the same tinuiii content is noted as 
“brisk.” 

The high tannin of No. 21 jigain esoajjes notice, while that 
of No. 22 is noted as “ strength.” 
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No. 25 only retains a high tjinnin content be<.^ause not well 
fermented. The liquors arc light ; and the infusions green because 
insufficient tannin has been changed to colouring substances during 
manufacture. 

No. 27 is notably high for its price both in tannin and total 
solids. The taster notiecs its strength. The low valuation is 
apparently on account of lack of other (|ualitics. The dull and 
mixed infusions would lead one to believe that the manufacture had 
gone wrong in directions that will lx briefly alluderl to later. 

On the whole our assumption as to the effect of total tannin 
and total solids seems justifiefl, altliough there are obviously 
other factors determining quality as measured by market value. 

The substances ]>roducGd by tlie fermentation of tannin are 
not estimated by the methrxl used for the determination of ‘‘ total 
tannin.” 

The nature of these substances and their jirobable influence 
on quality is indicated by the follmviiig brief account of the 
chemistry of tea tannin. The most complete account yet published 
is that of Deussj^ from wliich most of the facts given belo^v are 
taken. Deuss preprtnl pure tannin l>oth from made tea, and, 
more easily, from green leaf. He found it a ^vhite po^N'der, which 
does not crystifllizc. AVhen <]issnlved in ^vater, the' solution 
turns brown and on sbuKling in air, becomes cloudy. This brown 
]>recipitate is presumably pHnliiced bv oxiilatiou of the bumin bv 
oxygen from the air. This prcsuni]>tion is confirmed by the fact 
that when tiie cloudy brown liijuid is shakoii \vith <lilute acetic 
acid and zinc )>owder (which has the power of absorbing oxygen), 
the brcnvii colour dis{i]>poars and a clear uncoloural solution is 
obtained. 

From tliis solution ]>ure tannin may lx olitaiued bv shaking 
with ethyl acetate whicli dissoh'os the tannin out of the ^vatcr. 
This brown compound ol)taiiied by tiie oxidation of tannin is 
called tannin brown,” and is undoubtedly the substance mainly 
responsible for the brown colour of te;i infusions. 


• Medeelingen ran the Proefstation Toor Thee No. XXVII. 



54 


FACTORS AFFECTING •THE QUALITY OF TEA. 


When tea tannin is boiled with dilute sulphuric acid for 
6 hours, the solution becomes cloudy, and a red substance sepa- 
rates out. 

This red substance is ©died “tannin red/’ 

Similar formation of “ reds ” is a pro|)erty of a certain class 
of tannins, among which are the oak-hiunins, but not of all 
timnins. The formation of “reds” therefore places tea-tannin 
among this class. 

“ Tannin red ” ainnot lx? clianged back to colourless tannin by 
zinc powder, and is therefore concluded not to lx? formed by simple 
{vldition of oxygen to tiinnin, but the change iin’olves tlie splitting 
off of water from the fcmnin molecule. 

“ Tannin red ” is present in {piantity in iii fusion from m^ido 
tea but is not jjresent in infusion from fresh loaf. It is therefore 
produced during manufacture. 

It has a sweetish flavour resembling cinnamon, and its |>rc- 
sence therefore influences the flavour of tea. It is soluble in 
solutions contiuning tannin, and its presence aa*ounts for the 
coppery tinge in infusions of bhvek tea, for the colour of infused 
leaf, and of fermented leaf Ixjfore firing. 

It is much more soluble in hot solutions tlian in cold, 'f he 
“ cream inj/ down ” of a teji infusion is considered bv Dense to lx? 
largely the separating out of tannin red as the tea cools. The 
“ cream, ” however, has been shown also to coutein huiuin and 
caffeine as before mentioned. “ Cretami ng down ” is therefore a 
more complicated phenomenon than a mere scj)aration of “ tannin 
red,” although this may be concerned. 

This tannin red is a most im}X)rtaut constituent of fermented 
teas. A “ copper colour,” the “ colour of a new |>euuy,” is always 
aimed at as the ideal in fermented leaf and infused leaf from naide 
tea, and it appears highly probable that this tannin rc^l, which 
appears only after fermentation, may be res|X)nsibIe for it. 

The “ tannin brown ” ap|)arently is the cause of the apfK?arance 
of the “ colour of an old jxjnny ” in over- fermented or othervvise 
wrongly fermented tea. 
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In the flays of hand rolling, the rollerl leaf was left in fairly 
tightly rolled balls to ferment, and planters who can remember 
those days are of opinion tliat this treatment profluced a much 
better copjjer-colour than the present method of thin spreading of 
loose leaf. 

The leaf was left in bulls in ordev to fix the twist ” which 
in those days had a ^Teat influence on tiie price obtained. On 
hot, dry days it was noticed (see Tea Encyclopaedia) that the out- 
side of the ball became dark and discoloured, altliough the inside 
retained the desired colour. 

The cliange to loose spreading a] ipareutly ciime in as “good 
twist ” became less esteemed, and greater evenness of colouration 
was desired. 

In the interior of the liall, the oxygen supply must be very 
limited, yet tlio d(‘sired colour Avas obtained. 

It apjx'ars ])ossil>lo that what is desired in fermented teas is 
as much as ]xissible of “ tannin red,” with oulv a minimum of 
tannin brown.” 

This may possibly be obtained by limiting the supjdy of air 
during fermentation, but it is essential also that the fermenting 
lejif shall not b(H'om(‘ imdnlv drv. ^laiin’s reeomnieii<latioii to 
hang wet cloths in the fermeiitiug room receives a new explanation, 
both in preventing (evaporation and in jireventing draughts, or 
streams of air carrying fresh oxygen. 

Greenness of the fermented toaf, and of the infused leaf, is 
Cxiused by failure of the above indicated reactions to go on ; either 
simjily betiiuse fermentation has not been allo\ved to proceed far 
enough, or wlu‘n tlie greeiuiess is jiatchy, because that part of the 
loaf has esc2i]>ed the rolling, so that the cells are not so reduced 
in vitiility as to jKn’iuit the nwwsstiry reactions to ]>roceed. Patcliy 
greenness may in some cases also be ascriberl to uneven withering, 
whereb}" p\rts of some leaves esciipe the loss of vitality due to 
drying. 

The action of enzymes undoubtedly present in fermenting leaf 
has not been deiUt with in this article. The subject is under 
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investigation at Tocklai, and, no doubt in other places, but it is not 
desirable to publish anything yet. 

Tt may be noted* that the reactions going on in fermenting 
tea will go on in the laboratory without the intervention of any 
enzyme. The function of the enzyme in manufacture is probably 
that of a catalyst. A aitalyst' is a substance which wiU by its 
presence increase the rate of a reaction, although itself under- 
going no change. 


Part II. 

It has been shown that there is only a verv rough corresjxuul- 
ence between quantity of tannin present in made tea and the })rice. 

The evidence, however, |x>ints to the fjK;t that it is largely 
because the method usai estimates unfcrmented h^nniu only, and 
not the substances produced from it during manufacture. Tlie 
tannin present in fresh leaf, ho^vever, being the source of its 
fermentation products, should have a more direct influence on the 
quality of the tea. 

This point is very difficult to prove directly. It is difficult 
to obtain samples of unchangetl gretai leaf from any distance ; 
and it is still more difficult to obtain representative sanijih's of 
green leaf and of the average tea rmifle from it. The work could 
only l)e carried out satisfactorily by seeing gunnies of leaf of 
different tiiimin content through maimfiicture at the same time ; 
taking proper samples of gre^ui leaf anrl of finished tea. Without 
a factory on the Experimental Station it would be very difficult 
to arrange for such work. 

For the j>resent it is assumed that the rjuantity of tannin 
present in the fresh leaf does directly influence quality, although, 
as will be shown, it is not the only bwtor, and its influence can l)c 
masked by differences in manufacture. 

Certain work on the variation of tannin in the leaf has been 
done. During 1921 the variation in the tannin content of the 
leaf plucked was followed in the Tocklai Laboratory through 
the whole season. 
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The two “ leaves and a bud ” plucked were taken to the labora- 
tory and there sampled. The sample was separated by hand into 
four parts : (1) the buds, (2) the first leave, s, (3) the second 
leaves, (4) the stalk, and the tannin estimated in each part. 

The “ high pruned ” tea was pruned to 14" from the ground, 
leaving 4" one-year wood. The “ low pruned ” tea which the 
previous year was uupruned (skiffed) was in-uned to 10" from 
the ground, leaving 4" of two-year wood. 

The averagtj |>ereeuttiges of taiiuiu in the dried leaf are 
tabulated below : — 




Singlo 

Burma 



Light leaf. 

Dark leaf. 


' from low pruned 

24-8 

23-6 

Hud ... . 





from liigli pruned ... 

25-9 

2.5-2 


from low pruned 

26-0 

24'9 

]8t loaf ... \ 




1 

, from high pruned 

2(3 -0 

j 25-8 


( from low pruned 

20 ’5 

20-2 

2nd leaf «.* > 

J 

\ 




f from high pnintMl 

22- H 

25-7 

1 

r from low pruned 

11-U 

10-6 

Stalk ... >1 

I 



1 

[ from high pruned 

n-8 

1 


In/I ue nee of Jai : ft will be noticed that the light leaf consis- 
ttaitly gives a higher a\ erage taiiuiu content than the dark leaf 
although the differences are small. 

When trials ha\'e Ix^u made in separately manufacturiug 
leaf from light and dark varieties resiKx4i\'el>’, the tea from dark 
leafed bushes has obhiincxl slightly lower ^'aluatious than tea from 
light lej^fcd bushes. 

Influence of Plucking : The variation in tannin iu the various 
parts of the flush are also interesting. 

The bud contains slightly less tiinuiu than the first leaf, hence 
possibly !i slight loss of (puility in plucking immature leaf. 
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The first leaf, however, contains very distinctly more tannin 
that the second \eid. The tannin percentage falls off contl- 
imously as more leaves are taken, lienee the falling off in 
qindity with coarser plucking. The small percentage of tannin 
in the stdk is very notbible." This is the very young gi*een 
soft stdk plucked with the bud aud first two leaves. Old woaly 
stalk would certainly contiin still less tannin. Stalk, therefore, 
is rightly considered as lowering quality, although the reduction 
in price obtained for tea in which reel stilk shows up, is out of 
aO proportion to the lowering in (piality of liquors due to the 
presence of the stalk. 

Fine plucking, therefore, produces better averjige prices since 
the coiirser 3rd and 4th leaves are excluded. As Maun points 
out, however, the (pialitv' of the first aud second leaves is not 
improved by not plucking more leaves. Tlie letter average 
price from tine plucking is only due to making less of the coarser 
grades, with a corresponding decrciise in cro]>. 

With the same jinejiess of plucking, howe\^er, differences 
in the closeness of the plucking do make a difference to quality. 

For example with bushes pruned to the .'same lieight, l)ctter 
quality is obtained ou j)lucking two leaves aud a bud after 
giving a short growth oul}’, tliau on plucking two leaves aud a 
bud from a longer shoot. 

Mann gives as an example the following extreme ciise, frotn 
two plots treated similarly up till September (1905). The first was 
plucked after an interval of ten days, the second \vas plucked after an 
interval of twenty days, two leaves aud a bud l)eing hiken in each case. 

The ten day growth made tea giving ... 43*1^ tohd solids. 

Twenty „ „ „ „ „ ... 40''2% „ 

Such a difference wouM uudoubte<lly have produced a very 
great difference in selling prietj. General cx{)erience is agreed 
that within certain limits the closer the plucking the better is the 
(piality of the tea produced ; but if plucking is too close cpialit}^ 
again suffers from the immaturity of the leaf. Maun points out 
that the ideal would Ije to pluck every day, hiking ready led only. 
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That, of course, is ,,uite iinpn^ticablc. la practice probably weekly 
plucking does test, both for rpiality and yield ; ready lilaf only 
being token. The closeness of the plucking has to te rei’ulated 
by the state of the bushes. So long as the bush remains viWous 
the do.ser plucking gives both better quality and iietter yield • 
but the bush soon suffers if tlie plucking is over-close. In this 
matter the Manager, guided liy loed ami his own experience, has 
to exercise judgment. 


Injluence of Prunintj: That a difference is produced liy 
pruning is also clearly indiiated. It is a matter of general exiie- 
rience that forceil rajiid growth from cut-liack tea praluces ivorse 
((uality thrm that from ordinary to]>])iTined. 


Any o])eration wiiich appreciably reduces the leaf area stimu- 
lates the bush to mora rajiiil growt]]. The bu.sh takes food from 
the soil in solution. The crude food materials in solution are 
taken to thti leaf where they are manufactured into substances 
which the jtlant Gin use, and tlie excess of water is given of! by 
trails] )iration. There must always be a toudcucy to balance between 
the amount of water taken in by the roots aipl amount transpired 
by the leaves. When the balance is scriou.sly disturbed, as hv 
jiruniug, so that the remaiuiiig leaf area iusuflieieut for traus- 
j)iratiou of the water taken in by the roots, tlieu there is a jieriod 
of rapid growth to make up the delieieuev. Sucli stimulation 
of IcdT growtli is one of the objeets of pruning. By heavy pruning 
a forced rusli of growth is ])roduced, and such groAvth is watery’^ 
and gives poor todis. 

Very heavy cleaning out will jiroduce a similar effect, but 
in this case the balancing leaf area is soon made u]), and loss 
of quality is noticed for a short time only. 

After heavy ]>niuiug also the ] ducking is taken from the 
end of a long shoot iiisteiid of a short one, or in other words the 
shoot is plucked further from its jioiiit of origin. 

In the Gise of the Tocklai jdots in 1951 ‘‘the low pruned ” 
was giving its new shoots from two-year wood left practically 
leafless, and the “high pruned” from oue-yGir wood oirrying 
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some leaves. Both were plucked at 27" from the ground, so that 
the “ low pruned ” shoots were plucked 17" from their |)oint of 
origin, and the high primed shoots at only 13" from their point 
of origin. 

In this case the variation due to either factor alone would not 
be ex})ected to be very grejit Even the combined effect of the two 
factors is small as may be seen from the table, but it is distinct 
enough to show up in every single instance. The average of all 
|)jirts of the flush from dark and light leaf tea together being : 

Low pruned ... ... 20*3;^ tannin. 

High „ ... ... 21-3^ „ 

The difference in tiinuin content is probably sufficiently great 
to make an appreciable difference in the average price of the tea 
obtained from bushes of the t\vo ty}>cs of pruning. Previous to 
1920, the plots had Ixicn treated ideuticidly. 

Influence of Light : Hope showed that there is a direct con- 
nection bebveen the amount of light falling on the leaf jiiid tln‘ 
quality of the extract pre{)ared from it. In this case the extracts 
were made under conditions approximating to the prejKiration of 
tea for drinking piirjKJses. Several bushes were shade<l by thatch 
such that half received natural sunshine, and the other half 
remained in heavy shade anrl never received direc*t snnlinht. 
After a few days the shaded leaves became darker green, more 
shining, and the stalks were noticeably drawn out. 


Analyses of the extracts gave : — 



Total solids. 

Taunin, 

]. Id exposure 

10*5 

2-81 

Id shade 

no 

2-76 

2. Id exposure 

80 

1 96 

Id shade ... ... ^ 

90 

170 

3. In exposure 

9-4 

244 

In shade 

100 

2-14 

4. In exposure 

108 

2*36 

In shade 

1 no 
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While the total Holuble matter is iucreascfl by the shading, the 
Uvnniu is uoticeabi}’ reduced. 

Similar differences were obtained when bushes of the same 
ty])e away from, and under San trees, were compared;— 


I Ttjtal aolidfl. 

Tannin. 

]. Away from San trees 

101 

175 

Under Sau trees 

IM 

1-44 

2, Away from Sau trees 

10-2 

1-39 

Under Sau trees 

1 0-0 

1'24 

.“i, Away from Sau trees 

10-4 

2 28 

Under Sau trees 

ion 

208 


Single therefore rtHluces the |)ungency of tea. This fact 
is made use of in tlie production of green teas in Japan (nhere 
green teits arc letter liked if tliey slu)^v little pungency). Teas 
of very high value are produced by sliadiug ixirt of the ganlen 
witli cloth, 

The shading also itn]'n*oves tlie colour, a great point in a 
grwti tea. When lil.ack teas of good .iiiality are desired it is 
clear that some cire must Ix' exercised in the use of shade trees. 
While Ixnefittiug the h«dlh of the bush when usel in nKxler.atiou 
over he.avy shade will lead to loss of ijiialit}'. 

Ai)art from actual sha.le, lack <.f sunshine due to clouds 
was shown to have a similar effect on the tannin content of the 
bif. In dull, overcast weatlu'f teas lacking iu pungency .are 


praluced. 

Effect of Manuring: Increases iu crop are most easily 
produccil by the use of nifrogenons manures. It is an observed 
fact, that other things being eipual the moie lapid gio-at i im ucei 
by such manuring, produces a huvoring of i|ualit\. 

Bigger crops can however, be praluc.l without increasing 
the r.ate of growtli, by increasing the vigour of t'le buM h) 
that it will supjiort a larger mimlxr ol shoots, aiu 
closer plucking. It should be pKissible then to use manure to 
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increase crop without any loss in quality so long as it is accom- 
panied by reasonable pruning and plucking. Hope analysed leaf 
from manured and check plots Heeleaka in 1910. He showed 
that while the very big flushes following the application of readily 
available manures like nitrates showed some diminution in total 
solids (and therefore presumably in quality), there was no appre- 
ciable difference following the application of e{|uivalent quantities 
of slow acting oilcake. In these cases plucking and pruning were 
the same for manured and check plots. 

By the mineral manures, phosphoric acid, and potosh, it would 
appear that quality is rather increased than otherwise. 

“ Quality ” districts always contiiin high jjroportious of these 
constituents in the soil. Good teas contain more |X)t;ish and 
phosphoric acid than poor teas. In some few cases manuring with 
phosphates has led to noticeable improvement in liquors. 

On the whole, then, we are of opinion that there is no fear 
of noticeable loss of quality from manuring, so long as tlie manures 
are well balanced, and pruning is adapted to j^roduce a ^vide, 
healthy bush which allows close iducking. “ Flat ” plucking is 
also of assistance in producing the wide bush, since it allows no 
“ running away ’’ in the centre, and the outsides are relatively 
strengthened. 

F ariation with Season : The variation in tannin content 
with season can be traced from the curves facing page 57. 

The curves are not exactly of the same form for ]K)th dark 
and light leaf varieties, but all the curves have the following 
features in common : — 

(1) At the beginning of the season the tannin content is 

low, i^articularly in the very earliest pluckings. It 
is well known that the first flush does not make 
teas up to the average of the season, 

(2) The tannin content is about its maximum during 

August and September and tends rather to fall off 
some time during October. 
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Thread blight. 

( Sterile mycelium,) 

Darjeeling and TEiiAi, — No reports were received. 

Jalpaiguri and Dooaijs. — No re])orts were received. 

Assam, — Six‘eimeii,s were received f'roiu one garden in DibrugarJi. 

Oaohak and Sylmet. — It was present in several gardens in 
hutli tlie districts. It was Ijad in one garden in North 
Cachar. 

ROOT DISEASES* 

Ustulinn zouata. 

Darjeeling and Tekai. — S j>eciinens were received from four 
gardens in Darjeeling. 

Jalpaiguki and Doj>ahs. — S|>eciinens \vere received from one 
garden in Jalpaiguri. 

Assam. — Sjxeimens were received from Sibsagar am] Golaghat. 

Cachar anj) Sylhet. — S[)ecimens were received from two gardens 
ill North Cachar. 

Rosellinhi arcuat<h 

Darjeeling and Terai. — It wa<s reportcvl from one garden in 
Darjeeling Avliere it ^\•as very serious. 

Jalpaiguri and Dooars. — No reports were received. 

Assam. — S}x.‘cimens were rewaved from two gardens in Dibnigarh. 

(bvcHAR AND Sylhet. — It was rejxwtcHl from one garden in the 
Juri Valley. 

This disease; ^vas also found on Cajanus indicus and 

Indigofer a dosna, 

Sphaerosiilhc repens, 

DAR.rEELlNG AND Teuai. — No reports were received. 

Jalpaiguri and Dooars. — SjH?ciineus were receivoti from one 
garden in Dooars* 
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Assam. — Spediuens Averc recch’wl from two gardens in Jorhat and 
one in Dibrugarli. 

Cachar and Sylukt. — Speehneiis ^vere received from four gardens 
in S)'lliet. 

This disease was found on Albizzia molmxana. 

H ymen ochtiete ntiv ia . 

Darjeeling and Terau — Sj.KN'iuieus were ra'eived from one garden 
in the Terai. 

Jalpaiguri and Dooaks. — Specimens were received fnnn two 
gardens in Dooars. 

Assam. — Specimens were received from gardens in Jorhat and 
Sibsagar. 

Cachar and Sylhet. — It was found ia both the distriets. This 
disease was also found on Cajanvs indicu'^, 

Thyridaria tarda. 

Darjeeling and Terai. — Xo reports were received. 

Jalpaiguri and Dooars. — Xo reports were received. 

Assam. — Specimens were received from (hdaghat, dorliat and 
^laiigahlni. 

Cachar and Sylhet. — It was jjreseut in se\'eral gardens in Lusker- 
pur and Soutli Sylhet, 

S|)ecimens ^vere also received from a garden in Clnttagong, 
This disease was also found on Alhizzla lebhek and Albhzla 
procera. 

A new disease was discovcrcid in s|K;cimen r(N:ei\ed from 
Nowgong. The fungus lias not 3'et pro<luced any fructitications. 
It is interesting to note that a s]>ecies of Colktotrichum similar 
to that which causes brown blight was found ahjiig wiAyl^hyridaria 
tarda on the root of a dead tea bush. It is under investigation. 



N()Tl<:s. 


Guano from Latham Island, near Zanzibar.— The following 
inforniHtioii coneerning a (le[)(>sit of guano ap[)cars in the Bulletin 
of tiie JinjX-Tial [nstitute, No. 11)20. 

LatliiiMi Island is situated in tlie fudiaii Ocean, forty-one miles 
south-east of Zanzibar and t^ven tv-eight miles east from the 
mainland of Africa. It is yards long and 180 yards wide, 
and tlu^ surface is 10 ft. above sjjring tide level, ))ut landing is 
bad and dangerous. According to the Director of AgTicuIture, 
Zanzil)ar, the central [)Iateau of tla* island, is covered with guano 
t(» an average de]>th of one foot. A sample of tliis guano was 
sent to tln^ Imj>erial Itstitute for (examination last year. It consisted 
of an earthy ])hos])l]atie material, containing lumps of ])hosphate 
of lime. Plant remains, sand, etc., were also present. 

Tlu‘ guano was eliemieallv exam lin'd with the following 
resuhs, which are shown in eomjxirison with figures recorded for 
w('ll -known tvpiciil commercial guanos from Peru and South 
Africa : — 




PkHUVIAN fiDANO. 

1 S. African gdano. 



Present 

sample. 

G nan ape. 

Chinches. 

j Saldanha 
! Bay. 

Ichabm 

Island. 

Total nitrogen 

N 

0-76 * 

11-0 

IG'Oll 

1-41 


Total phosphoric anhydride ‘ 
“Available” do. ; 

P.O, 

211-52’ 

12-25 


: 24 o2 

1M9 

Ko. 1 

111-10 


11-29 



Lime ... ■■■ 

CaO 1 

353r>-’ 



i 24-26 


Total potash ... | 

K,0 

0 33 ; 

2'5 

: 2-5 

J 


Organic matter 

Moisture, on heating at i 


1-88 ! 


^ 1 



105"C' . . ... i 

H,0 1 

15-24 

1 25-88 I 

1 1 

1 

17 04 ; 

17-97 


1 iDt'liulinp: nitrogen jiresent aa : 

Nitrates, expresseii as nitrogen pentoxide N.^O^ l-l'.l per cent, of the original 
inaterial. 

Ammonia, expressed as nitrogen [>entoxide NH^ 0-015 per cent, of the 
original material. 

2. K(|uivalant to ; 

Calcium phosphate Ca,P^0^ 62-78 per cent, of the original material 
Calcium carbonate CaCOj 3-75 per cent, of the original material 
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It will be seen from the alx)ve results the present sample bears 
considerable resemldaiice in chemiml composition to tlie guano 
obtained from Saldanha Bay, South Africa, but that it contains 
less nitrogen and more phosphate than typical Peruvian guano. 

It was considered by firms interested in guano that this 
material from Latham Island could not be profihibly cx])orted to 
the United Kingdom at the present time, on account of the higli 
cost of freight. The pre-war prict^ of such guano in this country 
^vas about :63 pr ton c. i. f., and even now it would only realise 
about £8 to £9 per tou. 

It may lx? |>ossible to dis]K>sc of the guano in Zanzibar, or a 
market could perhaps be found for it in East Africa, 

Guano represented l)y the present sample would lx? of value 
for mauurial purposes, chieil}^ on account of the satisfactory 
percentage of available phosplioric anhydride (/. e. the portion 
solulde in a 2 \m' cent, solution of citric acid). In order, ho^vever, 
to make a complete manure the guano would require to lx? 
incorporated >vith materials containing more potash and nitrogcu. 


Mole Draining : In the January Number, 1921, of the 
Journal of the Ministry of . Agriculture, there is a \'ery interesting 
note on a jmrticular form of drainage known as ‘ Mole Draining,’ 
This aricle is also issued by the Ministry of Agriculture as Leaflet 
No. 356. Whilst this is not a form of draining that has ]>een 
adopted in tea gardens yet the article is interesting and suggestive. 
It reads as follows : — 

There is no doubt whatever as to the value of drainage, esj^je- 
cially on heavy land. On lanrl that is badly drained tlie Ijest type 
of herl>age can nevei* be obtained, while at tlie same time the 
grazing season is practically limited to the drier summer months. 
At other seasons stock cannot lx? carried on such land without 
grave risk both of illness and disease to themselves and of lasting 
damage to the texture of the soil. 

In the case of arable land, work is retarded and rendered 
difficult and expensive. Crops cannot be depended upon. They 
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have frequently to f)e sown out of season and are apt to fall an 
easy prey to various [)ests and diseases. 

The present cost of laying down extensive systems of pipe 
drainage is very high, but on heavy clay soils quite as efficient, if 
not (juite as permanent, drainage can be oljtained at relatively little 
cost by the use of the mole plough. On such land jnost drains 
will last from eight to ten years and unrier favouralde conditions 
even twice as long. The inclusive cost (about 50s.— 65s. |)er acre) is 
often fully recovered in tlic increased crops obtained tlie first year. 

Mole draining is not ada]jted to ca'cry kind of soil, but wher- 
ever heavy clay land, to which it is especially adapted, is to be 
found, it deserves, as one of the c]iea[)est and surest methods of 
im])rovemcnt, full and Gireful trial. On more frialde soils mole 
draining may Ix^ successful, but in such aises there must always lx 
a good 1‘all and intermediate main drains should lx ]xo^■idc^l 
Tliere should be few, if any, stones so large that they cannot lx 
turned aside bv the coulter ; and the ground must not lx too 
uneven, as the drain 'will naturally follo^v tlic inequalities of the 
surface. Tf the field is laid up in ridges and furrows the drains 
must follow tlie line of the furro^vs and not run across them. 

As regards fall, if a field has a sufficient hill on the surfac‘e 
for a \\’ater furro^v to run, there ivill be sufficient fall for the 
pro|)er working of a mole drain. Less fall is re<]uire<l on a heavy 
plastic cl a}’ than on a more friable soil, where water standing in 
the mole would tend to make tlie walls fidl in. 

Tlie mole {dough consists of a round steel plug aI)out three 
indies in dijuneter attaehe<l to the loivcr end of a strimg coulter 
which is fitted to a suitalile frame mounted on wlieels. It is 
worked, like an ordiiriry steam jdough, by ciible and winding drum. 

There are two mothals of {xoceoding. Either the moles jirc 
first run and then the mains are jnit in, or tlie mains are first laid 
and the moles run over them. In eitlier case the 'work must lx 
carefully {'ilanued kTorehaud. If the moles are run first the 
mains should lx laid ^vith as little delay ;vs {xxssible. On lighter 
land and where the fall is slight it is Ixtter to lay the main 
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drains Ix^fore running the moles, o^iler^^■ise a heavy sho^'or may 
ruin tim ^vork oomj)letely. The ad\'autao'e oi running' tlie moles 
first, is that tlio}* can 1)0 cleared out \^'it]l a stick as the mains are 
dug and an outlet secured into the main. iVs a rule ])ipes are used 
for the mains and also for the hegiiming of each drain to make 
a good gmctiou n itli tlic main. 

\\ hero the slops draiiied by tlie moles are short, tlie mains 
may bo laid n ith ^J-ineli pipes, I ait where tlK‘ slopes are longer 
3duch jiijies should be uscxl. The longer tlie sloja's and the 
steejXT the fall the more uumeivnis should he the main outlets ; at 
any rate there should always be at least one for ('verv three aeres. 

The moles arc sometimes started f IV an lioles, or ‘‘eyes,” into 
which the coulter, ^vitll the ])]ug attached, is dropped ; but often 
when the lie of the land and the lav- out of the prop(^sed < I rains 
admit it, the mole is allowed to bury itsnlf. If, for iiistauce, the 
main runs parallel Avith the side of the field and not less than 14 
yds. from it, the mole draiti van hegiu at the surface and will hav(' 
reached full <leptli by the time it crosses the line uf tlie main. 

The tunnel ) produced is very similar to a inoleV ‘‘run,” and 
if the siiltsoil is of the right texture and moist ness, an (‘fiieient drain 
is olitained. The disturhance eausod ]>y the I'oulter if s(“]f is AXi’y 
small and as a rule tlu; cut soon closes u|). Even when a crop is 
Ixang grown on the land the work mav be dojie without causing 
any very serious damage, es]K*cially if done in dr\' weatlier and 
Ix’forc tiie cro]> is more than a few inches high. 

There slionid a main drain along the bottom of I lie liiTl : 
in the vrse of an uneven field main drains should he made along 
the hollows. For cutting the main drains, aldraiu-iuitiug machine, 
sucli as the Swedish “ Ihwolt ” excavator, will save a considerahle 
amount of hand labour. As a t(‘iii])oriiry measure main drains (an 
Ixi made by the mole jjlough smd coiiuected with a lioundary ditch, 
or the mole drains can Ixi run direct into a ditcii. In tliis case, 
however, they should Ixi proteettHl, l)v tlui insertion of [>i|>es, for 
two or three feet frcmi tlie outfall ; but it is not lulvisable to do witli- 
outa main drain. A numU'r of mole drains running into an opn 
ditch will require more labour to keej) clean than is likely to Ixi 
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and as some i»lth of lieadlaiid must generally be left 
for tlie engiiui to sbind <jn, it is Jiot always possibles to run the 
moles direct into a diteli. Where it is desired to save ex[Xinse, 
Faggotj r>r Bush Drains, as described in tlie Ministry’s F. P. Leaflet 
No. 02, are sometimes usol. Sometimes ]H]>e draining is combinexl 
with bush draining. TIk^ main drain is dug alxjut a f<iot deejKa’ 
than the moles are to Ix^ driven, and fill(‘d in al)ove tlie ]iipes witli 
bushwood up to the levi'l of thenKjles. Then this is put in before 
the moles are drawn ; it should consist of twigs not m<ire than 1 in. 
in <liameter. The eon Iter will cut through these (jiiite easily. 
When consiilering liow' deej) to set the coulter of the drainer care 
should Ix^ taken to put it at tlie minimum de[)t]i of the mains, as 
these will of neeessitv lie a fe^v iuelies sliallower in some jilaees than 
in others. 

A main drain shouM always liav(‘ a cheap facing of brick or 
stone nan id the last pipe. Ihis ])re vents damage and scr\es to 
mark the <jutfall. 

Tlie moh‘ drains an* usually made about 2 ft. in depth and 
about o vds. ajiart. Where tlie lield is laid u]> in ridges or ditches 
the distaiiei* between tlie moles is usually detrr mined by the distance 
Ix'tween the furrows, but tliis is not always a certain guide, as tlu* 
nature and lie of tin* land may re«juire more drains. In liclds 
when' tlie wat(*r jxavolatesto the subsoil very slowly, it is best to 
put in the mole ilraius tairly close, say about .> yds. apart, and iir)t 
dee|K‘r than about IS ins. or 2(1 ins. 

It is most im]Kirtan( that a |>]an of each held should Ix' kejit 
showim>' the mains and their shallowest; jioints. Sueli a plan will 
he useful in east* the held should lx* muTmI again. 

In F.ssex, where a gotid deal of mole drainagt* is ]Krlorined 
annuallv, it is the custom for tlie tenant to carry out the work 
and the laiullonl to Hut I the ]>iiies for the main drains. In eases 
whtTt* the tenant leaves his farm after doing the work, eomix'iisa- 
tiun is generally given on a basis of three to six years. 
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Nitrolim.-“( Calcium cyanamide) : Changes taking place 
when mixed with fertilising materials. R. N. Harger. Journal 
of Industrial Engineering Chemistry, 1920, 12. 

This article points out that when nitrolim (calcium cyana- 
mide) is mixed with superphosphate in the presence 
of 5 to 10 per cent, of water the cyanamide content 
decreases rapidly, dicyandiamide being formed as one 
of tlie chief products of decom}X)sitiou. In a note of 
this Journal published in 1919 it was }>ointed out that 
dicyaudiainide has toxic properties to plants. Water 
alone am decom|>ose calcium cyanamide slo^vly but dry 
8U|>erphosphate has no effect. 


C,O.P.— 1,500-7-6-1921. 
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In this case the figures obtained for tannin content do not 
correspond with what is known of variation of quality with season. 

It would apj>ear that if tannin is a gi’eat factor influencing 
quality, then quality should be higliest during August and Septem- 
ber. It is usually found, on the contrary, that there is a marked 
improvement in quality after the end of September, 

Here some other factor must Ije so active as altogether to 
outweigh the influence of tannin. Factors likely to be active 
towards the end of the season are : — 

(a) Increase in flavour, due U) formation in greater 

quantity of the subshmees yielding aroma, which 
is ^’ery jwssibly related to lo^vering of the tempera- 
ture during growtii. 

(b) Increase in ([ualit}^ due to the improved atmospheric 

conditions for withering and fermenting as affecting 
both tannin and aroma. 

Part III. 

Having discussed the composition of tlie green leaf as plucked, 
it will be well to indiciite ho^v such kiiov'lalge as we at present 
possess may be used in the control of the successive stages of 
manufacture. In the manufacture of green tea the constituents of 
the green leaf are desired unchanged, tlic proc'css being practically 
a drying process only with preo^utious against fermentive changes. 
In black tea we desire llavoury decomposition products, and a 
development of full aroma. 

Withering : In the leaf-house t^vo kinds of change are going 
Qn — one merely physical, and the other chemiail. The physical 
change is the loss of water by evaporation, and is complete when 
the leaf has lost its turgidity and become sutficieutly flaccid (or 
soft), to bend without breaking, so that it may be rolled without 
being unduly smashed up, and so that there will not l^e an undue 
loss of. juice during the rolling. 

The time required for this change to l)ecome complete depends 
upon the temperature, the dryness or moistness of the atmosphere, 
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and the presence or absence of wind. It is known that if this 
change is either too rapid or too slow, then although the leaf may 
be mechanically ready, it will not make good tea. Mann explained 
this as being due to the necessity of time for the increase in 
quantity of an oxidizing enzyme during withering. There appears 
to be more than that in it. 

Tannins (xjcur in the leaves of many plants, usually in com- 
bination with another substance (often a sugar). Tliis compound 
is built up during the life of the leaf. After the death of the leaf 
the process is reversed, and under the inhuence of a hydrolysing 
enzyme the compound is decomposed by the water in the leaf. 
The freed tannin then combines with oxygen from the air under 
the influence of an oxidizing enzyme (oxidase) to form bro^vn 
compounds. 

With resj>ect to tea this subject is still under investigation, but 
there apj^ears at present every reason to believe that similar re- 
actions occur in a plucked tea leaf. 

It will have been noted that these reactions depend upon a 
loss of vitiility of the leaf cells, and this loss of vitality is obtained 
by drying. 

During withering, then, n*e rwpiire loss of vitality b}' drying, 
and then sufficient time for the h3xlrolyzing enzyme to act. 

Should the rate of drying be too slow the leaf \vill not loose 
vitality sufficiently rapidly, on the other hand if drying is too mpid, 
the h 3 Tlrol}'zing enzyme will not have time to do its work. 

As far as may l^e judge^l at present, in properly withered leaf 
the hydrolysis of the tannin compound should }je nearly complete, 
while the oxidation to brown com]X)unds should not have proceeded 
to any extent. That is, the leaf should still appear green, although 
on holding it up to the light a certain amount of browning will 
appear, particularly in the ribs, and the leaf must retain sufficient 
water to be still soft. 

Under-withered tea will produce teas of great pungency, but 
with little colour or thickness of liquor. Over- withering produces 
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thick lifjuoriug teas, of deep colour, but little pungency. If, 
however, withering is very much too slow or too rapid, teas having 
no good points may be obtaiiic;d. In practice best results appear 
to be obtained when the leaf reaches the right stiige in about 18 to 
2 1 hours. 

Under certain climatic conditions it is not always easy to 
arrange for this time. 

In the early part of the season, particularly when there are 
hot dry winds, leaf may become brown and too dry in a night, 

In such weather it is extremely difficut to make goorl tea, and 
the poor colour obtained is always noticeable. Conditions would 
ccrtiiinly Ixj inija’ovefl by the use of side curuiins for tiie leaf- houses, 
which would then contain the leaf in as still an Jitmosphcre as 
possible Rather thicker spreading, also, should then l>e used, 
although the teas will lose something in evenness. 

In saturated atmospheres such as commonly occur in the Duars 
during the rains the dilHeulty is to get sufficient drying for loss of 
vitality in reasonable time. 

Ill view of the above theory of witliering, it ap|:^ars that 
artificial drying slioiild be ajijfficd at the he^jinnirnj of the wither. 
When sufficient loss of vitality by drying has Ix^en obtained, the 
re(|iiirod reactions ^vould then go on, although no furtlicr drying 
takes places. Previously it has lx?eu recommended that the drying 
should be at the end of the wither. This is still a matter for 
experiment in practice, and offers a very useful field for exjx'ri- 
lueiit in tlie factery. From theory \i v*ould he ex]X‘cteil that when 
the atmosphere is nearly saturated, and it is necessity to use fan 
withering lofts, the following jn’ocedure should give l)est results. 
As soon as the lejif is phxced in the loft, it should be subjcctaf 
to the draught of hot air until dried to not quite the riglit physiad 
condition ; the fans should tlien 1x3 sto]q>cd so that little further 
drying tekes place, and the leaf then left for the chemical reaction 
to proceed. This reaction may 1x3 judged to be complete when 
browning of the ribs of the leaf has occurred, while the rest of the 
leaf is still green. The drying may be regulated by experience so 
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that the total time of wither is about 18 hours ; although, siuce the 
temperatures will be high, less time may be found to be necessary. 
The action of the hydrolyzing enzyme is most rapid at 90'^F. 

Some ])reauitioii will be necessary, whether withering with or 
without fans, to obtain an even wither. If some leaves, or parts of 
leaves, are prevented from drying as rapidly as tlie bulk, tlien the 
undried parts will not have lost vitality sufficiently to colour at the 
same rate as the bulk during fermentation, and patchy teas will 
result. The balance between fermented and uufermented hmuin 
may still be good so that lirjuors may ]X)ssibly not suffer ; but such 
green patches always prejudice a buyer unfavourably, and in any 
case the rolling and fermentation of unevenly withered leaf are 
very much more difficult to control. 

To obtain even withering several {xjints need attention. Tluii 
spreading will assist even withering. Leaf in the middle of a 
thick layer clearly cannot dry at tlie same rate as le;if on the 
outside. 

^ The lower surface of a leaf dries more f|uickly than the upper 
surface. For lx>th reasons the old practice of occasionally turning 
the leaf by hand is recommended. Bruising of the leaf b\' cireless 
handling must be avoided. 

Where fine teas are exjx^cted many managers |)refer to u ither 
on flat “ chungs ” made of split bamboo covca’ed with Hessian 
cloth, rather than on galvanised iron wire-netting racks. Several 
reasons am be given for this preference. 

Shoots that hang down through the wires, become rapidly 
over-dried and spoilt. 

Then in a leaf-house, racks are usually s|^ced much closer 
together than are chungs. This gives les.s working space, and in 
consequence leaf is often not s})read so evenly, and is more liable 
to become bruised and damaged in handling. Owing to the closer 
spacing, also, there is less free circulation of air, and leaf on 
the inside racks does not wither at the same rate as that on out- 
side racks. The mugginess of the atmosphere in the centre of a 
rack- house is often noticeable on a windless day. The Hessian 
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cloth used for covering either chungs or racks must be kept clean 
as it may become a source of infection by undesirable micro- 
organisms. 

Rolling : In the old days leaf after withering was rolled by 
hand, at that time great imjwrtance was attached to getting a 
good twist on the leaf, whereby the dried tea assumed a wiry 
appearance. 

For a long time after rolling- machines had superseded hand 
rolling in nearly every factory, ‘‘ good twist ” was a point looked 
for in good teas, although now -a- days less importance is attached 
to it. 

No^v before the fashion was set, there could have been no 
reason w'hy teas of any particular or peculiar appearance should be 
preferred. It must have been the ciise that teas showing “ good 
twist’’ were generally noticed to be teas of good qualit}\ 

To start wdth, improperly withered teas will not take a twist, 
and as has been sho^vn, this provides an excellent reason for 
believing that proper withering is essential for production of the 
highest quality. But there is more than that in it. Appearance 
^vas not the main object of manufacture, but the production of 
colour and flavour. By hand rolling, the production of tightly 
twisted rolls would be the most efficient method of damaging the 
maximum number of cells. A large number would be broken or 
killed while those still unbroken w'ould have a large part of the cell 
sap squeezed out and so be reduced in vitality. We suggest, in 
fact, that the production of tightly twistetl leaf gave the most even 
and complete reduction in vitality of the cells. ' 

Under ‘‘ Withering ” we have shown that reduction in 
vitality is necessary for the changes desired in producing black tea 
leaf. Only when the leaf begins to die, are the coloured ferment- 
ation products of tannin produced under the influence of the 
enzymes present. 

The young and delicate portions of the plucked shoots will 
lose their vitality more etisily, and will ferment more rapidly than 
the older coarser portions. 
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Witheral leaf is put into the rollers and rolled for a time, 
varying within wide limits (15 to 40 minutes). This first roll is 
usually carried out without any pressure from the weight cap, m 
order to avoid undue damage to those more delicate portions of the 
shoots. It is desirable, particularly, to retain the golden colour of 
the tip. The leaf is then put through a green leaf sorter. The 
fine leaf is then usually taken direct to the fermenting room, while 
the coarse leaf is put back into the roller. This second roll is given 
with more pressure, frequently with as much ])ressure as }X)ssiblc. 

Often this leaf is again sifted and the coarse leaf rolled once 
more. 

It will be seen tliat the rolling follows up the withering and 
effects a still further raluction in vitality, and the rej)eated rolls 
attempt to reduce the vitalit}^ of all parts evenly. Pleavy rolling 
can so reduce \dtality as largely to counteract insufficient or uneven 
\N’itheriug, jDarticuIarly when very fiiie teas arc not expected. 

The rolling, of course, does more than reduce vitality. Sap 
is squeezc<l out of the cells and rolled over the surface of the leaf. 
Leaf which went into the roller dry on the outside, comes out in 
a moist condition. After this point, micro-organisms can very 
materially affect the condition of the leaf. If undesirable bacteria 
(which do make their ap]3earance at certain times of the year) 
are present in large numbers, undesirable products may be oljtained. 
The leaf may become sour or acquire a musty or other undesirable 
smell. 

At this point any desirable micro-organisms which may be 
present will begin to act. 

The sap also is now exposed to the air, and the effect of 
this is to render more active the oxidizing enzymes which cause 
the formation of coloured compounds. Not only that but the 
greater the number of broken and damaged cells, the more easily 
extractable by boiling w'ater will the soluble matter of the dried 
tea l^ecome. 

The harder the rolling, therefore, the thicker and darker 
may the liquors be expected to be. The time of rolling, there- 
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fore, requires very careful consideration. For the second and 
succeeding rolls, when there is no ti]) or fine leaf to be damaged, 
it may be rolled for a very hnig time, but the pressure should 
not then te so great as to cause red juice to run out at the 
bottom of the roller, for tliis means tlieloss of ]i(^uor. Wdiere 
long rolling cannot Ixi ghen, then greater [jressui’e must be 
used. The juice which then runs out, is conn non I \' found to 
reduce quality if added to the leaf from ^v}nch it came bcfc»re 
tliat goes to the fermenting room. It produces fiat teas. This 
red juice is already fully fermented when it leaves tlui roll^a^s, 
and must also be very rich in oxidizing enz}'mes. FurtlUT 
fermenfiition not onl}' spoils it, but to some extent the leaf to 
which it is added also. 

This ready juice, therefore, should be mixed with leaf wliich 
has just left the fermenting room, and is being taken into the drier. 

In tlie roller, leaf is of course fermenting, and the tempera- 
ture should tlierefore lae as nearly as i)ossib]e the ojaimuni for 
fermentiition. During rolling tenqierature rises, joarticularly if 
much {)ressure is usal This is a great objection to the system 
by tvhich the leaf is kept in !the roller for nearh' the whole of 
the fermentation time. 

The system under which the leaf is rolkl several times and 
removed and siftal between each roll is Ix^tter from this point 
of view, since the \eat is allowal to cool. The finer leaf, also, 
which does need so much rolling, avoids being over-rolled. 

On the other hand continuous rolliug has advantages. 
Undue pressure may be avoided, and the rolliug still be thorougli. 
The leaf also is kept stirred vso that no part Incomes more oxi- 
dized than another, and it avoids the dangers of draughts and 
excess of air. 

Femetitatwn : After withering and rolling are complete, 
the vitality of the leaf cells is very low indeed. Tiie velocity of 
the reactions conc(^rned in the making of black tea is the greater 
the lower the vitality of the leaf cells. The leaf therefore iio^v 
changes its colour and other characteristics with great rapidity. 
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The colour produced is an index to the quality o£ the product. 
When a bright, coppery red, fine tea is made. When the colour 
becomes dull and brown, liquors will be soft, and although they 
may be thick and dark, they will not be bright. 

It seems probable that the first colour is associated with 
the presence of tannin red,” while the latter is due largely to 
the presence of excessive quantities of “tannin brown ” although 
undesirable micro-organisms may here play a part. 

While we cannot yet completely control this stage of the 
manufacture, the following have been shown to be points of 
importance ; — 

1. The leaf must not be allowed to (h*y further. This is 
of particular importance during the hot dry days of the early season. 
When the hot dry air is assisted by a draught nejirly black leaf 
is obtained in patches. This may be prevented by covering the 
fermenting leaf with a cloth, Mann protests against the use of 
such cloths. There is no doubt that they may easily become 
sources of infection by undesirable bacteria, but if kept scrupulously 
clean by boiling, there^is no objection to their use. They are 
probably unnecessary in the rains, when the atmosphere is damp. 

Even in the rams, however, draughts should be guarded 
against. Even if saturated with moisture, they still bring fresh 
oxygen, and excess of oxygen appears to be undesuable. 

2, During the rains draughts may be prevented by hanging 
wet cloths round the walls of the fermenting room. This also has 
the effect of keeping the temperatm’e down, 

It is well established that the fermenting leaf must be kept at 
about 82'^F, Any considerable rise means loss of quality, at 
temperatures greatly lower fermentation is too slow, but good results 
are obtained down to about 75°F, if the time of fermentation 
is increased. 

At low atmospheric temperatures, leaf may be spread thicker 
so as to use the heat generated during fermentation to raise the 
temperature of the mass. At higher temperatures spreading must 
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be thinner, though there is no advantage in spreading thinner 
than about two inches, 

3. The time of fermentation will depend upon the previous 
withering and rolling, and upon tlie temperature and the activity 
of the enzymes present. It averages approximately to 4 hours, 
but in practice varies considerably. 

The best test for complete ferment ition is a practised nose. 
When the leaf has producetl its maximum aroma and ji^t begun 
to fall off slightly, it is ready to te fired. The colour of the fer- 
menting leaf is also a useful help. It is not correct to wait until 
all the green patches have changed colour. The ideal is an even 
bright copper colour, but if through uneven withering or rolling 
some parts have esca|)ed sufficient loss of vitality, then the bulk of 
the leaf is spoilt by the time the last green patch is gone. 

A better balanced liquor is obtained by stopping fermentation 
whilst the gi'eater part of the leaf is brightly red (even though 
patches are green) , rather than by waiting tiU the whole is brown 
coloured. 

4. An important point (which is not yet fully explained) 
IS that an old fermenting floor produces better tea than a new one, 
and a cement floor gives better results than tiles or glass. This 
is particularly noticed on gardens making high quality teas, 
although it appeal's to make little difference in factories making 
common tea. Mann came to the conclusion that no micro-organ- 
isms other than harmful ones were present ini fermenting tea, 
and therefore recommended that fermenting floors should be 
sterilized, and in many factories it has become the practice to 
regularly steam floors or to wash them with permanganate. 

We do not "recommend that such thorough cleaning should be 
altogether abolished, but that it should be used with discretion. 
So long as good teas are being made, then let well alone, and 
wash only with cold water and a broom or brush ; but as soon as 
unsatisfactory teas appear, particularly if “tainted,” or of a bad 
colour, then sterilize by steaming or otherwise, , , 
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Firing : The drier raises the temperature of the leaf auffi- 
cieutly to stop fermentation, and then removes water so as to 
leave the leaf too dry for furtlier action when it has cooled. 

Mann showed that a temperature of loO^F. was uecessary 
to stop fermentation, and that it could be 180° F, without harm. 

These are temperatures in the leaf which is kept cool by 
evaporation. The machine temperature must therefore be higher. 

During the drying some tannin is decom])ose(i, and also a 
large proportion of the essential oil is evaporated ^^■ith the steam 
evolved. Both these losses are minimised by . firing at a low 
temperature. 

Some machines are arranged with a bye- pass so that hot air 
direct from the furnace can be turned on to the topt ray to stop 
fermentation. This allows a lower firing temperature for the 
remaining trays. 

Essential oil is very volatile in steam, but very much less 
volatile in hot dry air. It is therefore very necessary that the 
leaf shall not be steamed, or aroma will be very seriously reduced. 
To obviate this a large supply of hot dry air must be forced 
through the leaf so as rapidly to dilute the steam, and the leaf 
must be spread thinly. Where flavour is the first consideration 
a machine temperature of,200°F. is recommended. For pungent 
teas temperature may be about 200° to 220°F. and for thick 
liquoring teas the temperature may be somewhat lower 180° to 

200° F. 

These are temperatures for the first firing. In subsequent 
machines it is of not so much importance that the temperature 
be kept down, although high firing is to be avoided until the leaf 
is nearly dry, otherwise a dry casing is obtained wk^n^the core 
of the leaf is still wet This not only hinders drying, but renders 
leaf liable to be accepted as dry, which subsequently becomes soft 
as moisture from the core disseminates through the dry crust. 
For the second firing temperatures may well be kept at 220°F. 
These temperatures should be carefully controlled, and in order 
that control shall .be efficient it is strongly recommended that 
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recording thermometers should be attachal to each drier, or at 
least to those in which the first firing is done. 

Leaf as it leaves the fermenting room occupies so much space 
that it is more convenient to complete the drying in two operations, 
the first machine drying the leaf to about 12 annas, the 12-anna- 
fircd leaf (now reduced in volume) is then put through another 
machine. 

Tliis method appears to result in very little loss of quality. 
It is im])ortiint, however, that the 12 -anna leaf must not lie about 
in heaps while still hot. It should immediately Ije put into the 
second jiiaeiiiue ; or where this is not possible, it should be spread 
out and cooled. 

After the leaf lias been completely fired it should be cooled 
rapidly and put into the air-tight bins so that it absorbs very 
little moisture from the atmos|>hcre. Bins should be deep, as 
this will help to prevent absorption of water. 

Sorting : This is a purely mechanical operation, The tea 
is sorted to suit market requirements at the time. Being purely 
a commercial problem it calls for no comment here. 

Packing : Only one aspect of this question need be dealt 
with here, the moisture content at the time of packing. 

Teas after sortmg'are usually kept in the factory till sufficient 
is collected to make a break, when the whole is bulked. 

Unless the tea has been kept in good air-tight bins it will have 
absorbed moisture, and it will then generally be necessary to 
final fire or “gap” it before packing. 

Final firing undoubtedly lowers quality somewhat, and 
should be avoided if possible by keepmg tea in air-tight bins. 
However, if the tea is to exhibit keeping qualities, it should cer- 
tainly not be packed with a moisture content above 9 /q , and would 
be better about 7 %* 

Work by Hope and Carpenter in Assam, and by Welter in 
Java led to practically the same conclusions. Best results are 
obtained by packing tea at about 6 to 7 ^ moisture content* 
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With moisture contents below or much above 7 ^ the 
tea does not keep. In either case tannin is lost, while with the 
higher moisture contents there is danger of the tea becoming 
mouldy. It is not possible to say whether tea should not be 
final fired without a definite determination of its water content. 

Where it is considered necessary final firing should be carried 
out at low temperature (180'^F.) in the shortest possible time. 


C. 0. ?.— 1,200-.10-6-1922. 
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SOIL SURVEY. 

Notes on the New Alluvium of the Dooaks. 
P. H. Carpenter, f.lc., f,c,s. 

H. R. Cooper, b.sc., f.c.s. 


In a previous note {Quarterly Jo\rnaly 1921, Pfc. IV) Car- 
penter dealt with the soil types occurring ou the Red Bank areas. 
The present note gives a briel account of the newer alluvial soils 
which make up the lower lying tea lauds of the Dooars. 

Mai District, In the Mai District the Red Bank forms a 
rough triangle with its boundaries including Lower Fagu, Meeng- 
lass, Nedeem (out-garden of Sylee) to the north-Avest and west, 
Ruugamuttee and part of Hahaipatha to the south, and Toonbari 
with parts of Soongachi and Nakhati to the east and north-east. 
Outside this area the Mai District consists of ncAver alluvium. 
West of the Red Bank area the soil is remarkably even in 
character, and is an extremely interesting ty’pe of soil. It is 
characterised by a sand content betw’cen oO^ and (coarse 
sand nearly always lx?ing in excess of fine sand) ajid a clay 
content averaging about 3^, being sometimes under 1% and 
practically never aboA’e 8^. Tlie place of clay (Avhich is 
generally the binding constituent of a soil) is apparently taken • 
by colloidal organic matter which is abnormally high for such light 
soils. “Loss on ignition” averages about 6 being ahvays 
above 4% and often up to 8^. The “soluble humus” or 
‘‘Grandeau” organic matter is also remarkably high. The soils 
are chemically very rich and show a very high acidity by whatever 
method that is measured. 

Mann apparently included all the Dooars new alluvium under 
the term “ grey sandy loam ” These particular soils have so little 
clay or even fine silt that they certainly cannot be called “ loams ”, 
aud the colour is often a reddish rich dark broAva— almost chocolaLe. 
To distinguish this particular class of soil Ave propose to term it the 
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Mol Sand . Similar soils are found in small areas in other 
parts of the tea districts of J«iorth East India. This sand is certain- 
ly much older than other soils of tlie new alluvium. It has not 
accumulated its organic matter and acidity in a short time. It is 
often very undulating^ and near the iiills forms liigh plateaux 
through which the rivers have cut very deeply. 

At Upper lagu similar soils occur, raised well above the level 
of the Red Bank, which have an organic matter content of 14^, 
a figure usually only found so great in bheel soils. It is possible 
that similar soils occur elsewhere in the hills whence they are 
washed down to enrich the Mai Sands. 

The Mai Sand occupies a sAveep of country from the Teesta 
River as far east as a line through Sylec, Sissubari (Good Hope), 
Kumlai, Baintguri, and is found again eastwards, in the southerly 
part of the Chalsa District. 

West of the Teesta at the only garden from ^vhich analyses 
are available (Dangua Jhar) ver^^ similar soils are found. 

The commonest soil type among the Mai Sands is the 1, 2, 4, 
3, 5, which preponderates at Bullabarrie, Sjlee, Lecsh River, 
Ranicherra, Good Hope, Bagracote, Baradighi, Ellenbarrie and is 
also found on other gardens- 


Analyses of light, average and heavy examples of the 1, 2, 4, 
3, 5 type are given bc-low ; — 



Light. 

Average, 

Heavy. 

1. 

Coaree sand 

G7 

5o 

33 

2, 

Fine sand 

17 

10 

28 

8. 

Silt 

2 

S i 

11 

4. 

Fine silt 

5 

10 

13 

6 . 

Clay j 

o-i 

4 1 

10 


Loss on ignition (orgauic matter) 

t;’7 

4 0 

4-9 


Soluble humua (Grandeau Organic , 
matter) ! 

4<i 

2-1 

2-4 


Acidity 

i 

3480 , 

2500 

2270 
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Less common types, examples of which are given below also 
occur. It will be noticed that these are closely related to the 
1,2,4, 3,5 type. 


Soil Type. 

1,2, 3, 4, 5. 

1,2, 3, 5, 4. 

2, 1,3, 4, 5. 

2, 1,4^3, 5. 

1, 4, 3^3, 6, 

1. Coarse sand 

35 

4- 

22 

2G 

62 

2. Fine sand 

20 

25 

4'j 

37 

10 

3. Silt 

15 

11 

15 

10 

4 

4. Fine silt 

13 

4 

8 

12 

15 

5. Clay 

7 


3 

9 

2 

Loss on ignition (Or- 
ganic matter) i 

6-0 

' 6 7 


4-7 

6’0 

Soluble humus (Grand. 
eaulOrganic matter) ^ 

2-5 

31 

3-2 

i 

1 1-6 

2-9 

Acidity (modified i 

Vcitch Albert) 

2500 

i 

2090 


j 1700 

2400 


It will be noticed that all these types have in common the 
following pliysical characteristics : 

(1) Very high percentage of sand : 

(2) Lo^v clay content. 

Such coarse-grained soils can lift water by capillarit}" through 
a small height only — say, 10 feet. On such soils liability to 
suffering from drought is therefore very great during the dry 
season, particularly in the Dooars where early rain is not commonly 
obtained. In order that tea may be safe from drought, it is therefore 
necessary that tlic distance between tlie dee|)cst roots and the cold 
weather water-level must be less than 10 feet. To ensure this, 
it is essential that the depth of tlie root sliall not be limited by a 
high w'ater-levei in the rains ; and to keep the rains water-level 
down, deep drainage will be requii'ed, except on low'-lying spots 
where the cold weather level remains liiglu 

Close drainage, however, is not only unnecessary but undesir- 
able, since it dries out the soil in the dry season. 
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The necesBity for deep roots should also be borne in mind, 
when deciding the early pruning treatment of tea on such soils. 
Bushes should be allowal a good run before pruning or plucking 
in order to be allowed to force down a deep straight root 

Of the Mai Sands those with the higher clay content will 
usually be found to do better, merely because they will be able to 
lift water by capillarity from a greater depth, while the rate of 
movement of water through the soil being slower, the rate of 
drying of the soil will be reduced. Where, as is nearly always the 
case, the clay is very loiv, high percentages of fine silt and organic 
matter (much of which is of a colloid nature) will assist to increase 
the power of lifting ^vater by capillarity. 

It is noticeable that wherever this very light type of soil is 
found, there serious attack by mosquito blight was early noticeable ; 
and it is very probable that this may l>e associated with ^veakening 
of the bush by suffering during droughts. 

In only two cases, both far removed from sources of infection, 
are such soils known to be unattacked by mosquito. 

Just below the Red Ikmk area, heavier soils are found, for 
example, at New Glencoe, and the lower parts of Hahaipatha and 
Sungachi, soils of the 4, 2, 3, 1, 5 ; 4, 1, 3, 2, 5 ; and 3, 1, 5, 2, 4 
types are found. 

To the south also the soils begin to get heavier. At Oodlabari 
for example while the soil type is still 1, 2, 3, 4, 5, the clay content 
rises from an average of about 3)^/ over the greater part of the 
district, up to over 9%. At Baintguri also the clay content has 
risen, in this case sufficiently to exceed the fine silt, so that the soil 
type becomes 1, 2, 3, 5, 4. 

As far south as Nowera Nuddy while sandy soils do occur, 
much heavier soils show, for example, the 2, 4, 3, 1, 5 and the 
4, 2, 3, 1, 5. These belong more properly to the grey sandy loams, 
and are clearly much newer deposits than the Mai Sands, since they 
are much less acid, contain considerably less organic matter, and are 
chemically less rich. For example the loss on ignition and “ soluble 
humus are only about 3*5 and 1-3 respectively, while acidity is 
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about 1300. Physically j however, these soils containing little 
coarse sand or clay are probably the very best for tea, and their 
chemical properties may be improved by art. 

At Ellenbarie there occurs a patch of whitish silt, overlying 
the normal Mai Sand of tlie garden. It only occurs iu the low part 
of the garden near the river and even there m uinly fills up hoUows. 
This soil is of the 2, 3, 4, o, 1 type. 

It clearly bears no relation to the normal soil of the district; 
but is a much newer deposit, similar to some of the soils found at 
No^vera Nuddy, and also to soils found in the Daiua Toorsa and 
particularly the Toorsa Jainti district. This soil is characterised by 
low acidity and low organic matter content. 

ChaU'i District : Tliis is almost entirely a Red Bank district. 
To the west the Red Bank falls steeply to the Neora river. To 
the east occur strips of soil along the banks of the Murti, below the 
Red Bank, which have been more recently deposited by that river. 

Such strips occur at Yong Tong, Chalsa, and Killcott, 

At Yong Tong and Chalsa the soils are clearly much newer 
deposits than the Mai Sands. 

At Yong Tong soil of the 1, 3, 2, o, 4 type is accompanied by 
60% small stones consisting largely of imweathered slialy sandstone. 

Or ganic matter and acidity liowever are high, the soil has 
many of the characteristics of the Mai Sands and is probably from 
a similar source. Tiie same type is found further down the Murti 
at Chalsa. Here the preeutage of stones is only 18%, 
while organic matter and acidity are still higher than at Yong 
Tong. Still further down tlie Murti, at Killcott, the percentage 
of stones Ixicom^s only 7 % and the soil is of the tyj>e 
1, 2, 4, 5, 3. The acidity and the organic m itteraie liigh, the clay 
fraction forms less tlpiu 6% ami the soil as a whole bears 
a very marked resoiiiblaiice to the Mai 

South of tlie Red Bank absolutely typical Mai Sand occurs. 
From the lower pirfc of Sathkya we have two examples of the 
1, 2, 3, 5, 4 type. Although the clay slightly exceeds the fine silt 



80 


SOIL SURVEY. 


(as at Baintgizri), the clay is only about ^\% and the sand exceeds 
70^. Organic matter and acidity are very high. 

Examples of the very closely related 2, 1, 3, 5, 4 type also 
occur at Sathkya. 

Further south at Baradighi the soil is of the characteristic Mai 
Sand t}^pe 1, 2, 4, 3, 5. Acidity and organic matter are very high 
and the soil resembles that of the Mai District in every respect. 

R=ipresentative analysefi of new aUuvimn oj Chulsa Disirkt. 

(Note resemblance to Mai Santis). 


Tea Gar<?en8. 

Yong Tong. 

Cbulsa, 

Killcott. 

1 Sathkya, 

Baradighi, 

Soil type. 

1,3, 2, 6, 4. 

1,3, 2, 5, 4. 

1,2, 4, 5, 3. 

1,2, 3, 5, 4. 

1 

1,2, 4, 3, 5. 

]. Coarse sand 

51 

34 

41 

62 

1 55 

2. Fine sand 

11 

22 

30 

16 

31 

1 

3. Silt 

14 

23 

5 

i 

9 

1*5 

4. Fine silt 


^ i 

12 

1 

3-5 

6. Clay 

9 

10 

0 

3 

0*6 

Organic matter (Loss on 
ignition) 

6‘.t 

6-2 

6‘5 

7-5 

6-5 

Soluble humus (Grandeaa 
organic matter) 

3 0 

3-6 

2-0 

4-3 

31 

Acidity 

1780 

3420 j 

2910 

2840 

2150 


Nagrakaia District, — The Nagrakata District also is mainly 
occupied by a block of Retl Bank soil practically as far south as 
the railway. 


To the west there is a flat at Hilla below the Red Bank along 
the bank of the Jiti River, but no analyses are available. To the 
south, sandy soils both of the Mai type and of the newer deposits 
of grey and white silts and silty sands occur. 

The sandy soil at Grrassmore generally is of the Mai type. 
The single analysis available shows the soil to be of the characteris- 
tic 1, 2, 4, 3, 5 type. While in other respects the resemblance 
to the Mai Sands is complete this example has a clay content about 
10^, much higher than is usually found in the Mai District. 
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To the south tlie Jaldhakar and Daiiia rivers approach each 
other very closely, before joining. Between them is a strip of land 
which clearly has been deposited by tliese rivers within comparatively 
recent times. The soils are wliitisli or grey in appearance, and pro- 
bably represent the kind of soil described by Maim as grey sandy 
loam. On this strip are the gardens Tondoo and Bamandanga. 

As they must have been laid down at different times by flood 
waters moving at various rates, so the soils vary in physical 
composition. The water was never stagnant, so that clay is 
generally conspicuous by the small proportion in which it occurs. 
Coarse sand also is seldom present in quantity since the flood 
water rarely travelled fast enough to carry coarse sand in suspension. 
Fine sand however generally forms a great pro|x)rtion of the soil. 

The lightest tyi^e found is the 2, 1, 4, 3, o and the heaviest 

4, 2, 3, 1, 5. 

The average soil would appear to be 2, 3, 4, 5, 1. The type 
3, 2, 4, 5, 1 and related types also occur. The subsoils are generally 
lighter than the top soils, the coarser pirticles having been dropped 
first. 


Representative analyses of Neic Alluvium of Naqrakaia DistricU 


Tea Oabdens. 

( 

iOLDEK ALLUYIUiJ 
jKESE3IBLI^’G MAI 

Sands. 

[ Very recent alluvium (grey sandy 
. LOAM.) Note low sol. humus 

AND ACIDITY, 


j Grasb- 
1 more. 

Cbcng. 

mari. 


Toudoo and Bamandanga. 


1 

li Coarse sand 

1 

32 

i 

37 

1 

4 

2'l 

1 

4 

15 

3, Fine fcaiid 

‘ 2i 

1 

12 

20 

30 

30 

4G 

C>2 

3. Silt 

11 

12 

23 

: 33 

11 

23 

17 

■4, Fine silt ..... 

6. Clay 

10. 

10 

! i» 

1 

13 

30 

13 

23 

G 1 

1 15 

2 


10 

Organic matter (loss ou 
ignition) 


i 

10 

iVd 

1 

1 ^ ■ 

3 

G 

9-5 

Soluble bumuB (Grundeau 
organic matter) 


•l-l ; 

1 



0-9 

1-3 

0*7 

Acidity 



3100 1 


i 

1 

1100 

990 

840 
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Dina Toorsa DistricL The district as a whole is marked by 
very great variation of soil even over small areas. The comparative 
regularity of soil type seen in the more easterly districts changes 
to a collection of patches of soil physically unrelate i to each other. 

The only feature common to any large number of soils of the 
district is that all five soil fractions ore generally well represented. 
One very seldom finds soils with any one of the five fractious 
present in either excessively great or excessively small quantity. 

That is to say the soils are distinguished by comparatively 
even grading. 

The district is more gently and evenly slo|)ingj less undulat- 
ing, and has been much more subjected to irregular new deposits 
from rivers and floods than the Western Dooars. 

On the whole fine silt forms the largest fraction of the 
average soil, while clay occupies a prominent position in the 
analyses of a few gardens only. Fine sand is very commonly an 
important fraction, while coarse sand is frequently found in 
quantity over small areas. 

With the exception of patches of very iie^v deposits which are 
unsuitable for tea, and of less new deposits on which tea is 
difficult to establish, the district on the whole is very fertile. 
The less fertile patches are distinguished by extreme deficiency 
in organic matter as determinal by Grandaui’s method (soluble 
humus). 

For convenience the district may be considered in three areas 
(1) The Daina to the Rehti ; (2) East of the Rehti up to the 
Hantapara plateau ; (3) the Hafitapara plateau. 

Daina to Rehti . — Just across the Daina, for exam[)le at Red 
Bank Tea Estate, the soils found are of the same types as are. 
found further west. 

The average soil is the very rich liumus-sand such as forms 
the greater part of the Mai District. The only analysis available 
is of the very light 1, 2, 3, 4, 5 type. Probably the rather heavier 
• 1, 2, 3, 5 also occurs as in the Mai District. Rising gently above 



CAKPENTER AND COOPER. 


83 


this sand are low teelahs of undoubted Red Bank soil of which no 
analyses are available. 

It is possible tliat the clay found In the soils immediately 
south of this area, lias arisen from erosion of Red Bank soils. 

Probaldy vSirnilar soils occur on immediately neighbouring 
gardens which have not been sampled. 

At Red Bank Tea Estate appears a patch of infertile new 
white soil such as is frecpiently found east of the Rehti, This 
has clearly l)eeu deposited very recently by one of the streams 
of the Daina, The dark fertile sand freipiently appears as “ islands” 
slightly above the level of the infertile white sand. 

The Daina and tlie Rehti, although afterwards diverging, 
rise very close to each other in the north and between them no 
other river comes direct from tlie hills. With the exception of 
the one patcli mentioned, therefore, infertile new deposits are not 
found ivithin this area, since such deposits apparently come direct 
from tlie hills. 

Storting from nortli to south we hud tlie soil varying without 
regularity. 

At Chamurchi two distinct types of soil occur, the lighter 2, 4, 

1, 3, 5 and the heavier 4, 3, 2, o, 1. 

Choonabhutti averages tlie 4, 3, o, 1,2 type whicli is related 
to the lieavier type at Chamurchi. At Choonabhutti the following 
types also occur 3, 4, 1, 2, o and 4, o, o, 1, 2. 

At ITortiilguri (Xew Dooars) the very unusual silt-sand type 

3, 1, 2, 0 , 4 occurs over a large area, and tlie relatal ty[)es 3, 2, 3, 

1 4, and 3, 5, 2, 1, 4 occur again to the south-west at Kheabari. 
These are among the few cases in this district ^vhere one of the 
soil fractions (in this case fine silt) is present in remarkably srnall 
quantity. The other unusual character shown by those soils is that 
silt is present in greater quantity than any of tlie othei fractious. 

Due south of Hortalguri at Palaslibari we have soils, absolutely 
unrelated to the Rheabari soils, of the sandy types 1, 2, 3, 4, o mid 

4, 1, 2, 3, 5 the latter being related to the 4, 1, 2, 5, 3 found 
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westward at Lakhipara, This Lakhipara soil however contains 
17 % clay, and is distinctly a loam and not a sand, while the average 
soils of Lakhipara are still heavier, such as the types 4, 2, 5, I, 3 
and 4, 5, 3, 2, 1. 

South of Lakhipara we have the very similar soils of Gandra- 
para averaging 4, 5, 3, 2, 1, the heaviest being 4, 5, 3, 1,2 and 
the lightest 1, 4, 2, 5, 3. 

East of Gandrapara on the gardens of the Banarhat Company 
occur light and light medium soils mainly of the 1, 2, 4, 5, 3 or 
closely related types e. 1, 2, 4, 3, 5 ; 1, 2, 3, 4, 5 ; 2, 1, 4, 3, 5 ; 
heavy medium soils 4, 2, 1, 5, 3 with related types 4, 2, 1, 3, 5 
and 2, 4, 1, 3, 5 , and 1, 4, 5, 2, 3 ; and one example of a heavy 
clay soil 5, 4, 2, 1, 3. 

Further south at Binuaguri occur soils of the very heavy type 
5, 4, 3, 2, 1 with related types 5, 4, 3, 1, 2 ; 5, 4, 2, 3, 1 and 
4, 5, 3, 2, 1 together with sandier soils 1, 5, 3, 2, 4 and patches of 
very light soil of the 1, 2, 5, 4, 3 type overlying stones. 

A little west of Binnaguri Station the railway makes an abrupt 
turn and then runs a little north of south-east. Below this line the 
soils show a distinct change. A line through Lakhipara, Gandra- 
para, Binnaguri goes mainly through heavy soils. The sods 
southward become sandier, the predominant types being 1 , 4, 2, 3, 5 
at Huldibari, 1, 3, 5, 2, 4 at Telipara, while from Gairkhata we 
have a single analysis showing a soil type 1, 2, 5, 3, 4. It is in this 
area that streams arise, and the assumption is made that they have 
been running under the more northerly heavy surface soils, through 
easily premeable stony and sandy subsoils, till they arrive at 
the flatter and more sandy land. 

If this is true, the subsoils north of the railway must be very 
permeable to water, and this fact migh^ be made use of in the 
drainage of the gardens. “Blind” drains, so long as deep enough 
to reach the natural underdrainage, should be all that is necessary. 
If the permeable subsoil is too deep to be reached by drains, then 
it may be possible to drain into “ sumps,” which empty through 
the subsoil, as the underground rivers are presume to do. 
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East and south of Gairkhata the land is flat, cut up by many 
fitreams, and mainly under rice. 

The second area from the Rehti up to the Hantapara plateau 
is still largely under jungle, and few gardens have been systematic- 
ally sampled. Very many of the samples received have been sent 
in because tea has done very badly on certain patches, and these bad 
patches only have been analysed. 

The infertile patches are concentrated in this area which is 
cut up by many rivers and streams direct from the hills. They 
generally occur as heavy silts, the 4, 3, 2 type with the related 4, 
2, 3 ; 3, 2, 4 and 2, 3, 4 being common, but cases of 2, 1, 3 and 
even the very sandy 1, 2, 3 occur. Whatever the heaviness of 
these soils they are always white or grey in colour, alkaline in re- 
action, and very deficient in organic matter. Here it need only be 
pointed out that they are clearly new diposits of materml straight 
from the hills, occur among the tea districts proper in patches only, 
and do not represent the greater part of the gardens on which they 
are found. 

In the Daina-Toorsa district examples occur so widely distribut- 
ed as Red Bank Tea Estate, Dheklapara, Jaybirpara, Makrapara, 
Dalmore, Nangdala. Further south occur patches which though 
not alkaline, are of low acidity and low organic matter content. 
They are of similar appearance but have become darker. These 
patches grow tea but not with the luxuriance of the more normal 
soil of the district. These patches are probably of similar origin to 
the more northerly alkaline pitches but have been longer in situ^ 
while the normally fertile acid soil# of the district, characterised by 
a high content of organic matter, may be of similar origin but have 
been subjected to washing by the heavy rainfall, and have subse- 
quently accummulated jungle residues, over a very long period. 

The normal soils of the districts have not yet been very 
thoroughly sampled. 

At Bundapani the sandy silt types 2, 1, 4, 3, 5 and 3, 2, 1, 4 
5 are in evidence'. 
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From Nangdala we have a single example of the type 2, 4, 3, 
5, 1. This and allied t}^es, where the percentage of either clay 
or coarse sand is small, appear to be the characteristic soils of 
the area. Having little clay, little resistance is offered to passage of 
water through the soil, whether to allow excess water to sink away 
in the rains or to raise water from the subsoil during a drought. 
The smallness of the quantity of coarse sand on the other hand 
saves the soil from excessively rapid movements of water, so that 
the soil is not dried out to a great depth during a drought. Soils 
of this character are probably of the ideal physical composition 
for tea. They are very much in favour for fruit in Europe. 

For want of a better term, soils of this character may be termed 
“silt loams.” 

Considerable areas of the foUbwing gardens give average 
analyses of “ silt loam ” ty|)es. 

Birpara ... 4, 2, 3, 5, 1 

Demdima ... 2, 4, 3, 5, 1 

Dalgaon ... 3, 2, 4, 1, 5 

Dalmini ... 2, 3, 4, o, 1 

Sarugaon ... 2, 3, 4, 5, 1 

On the above gardens examples of the following soils also 
occur. 

Birpara ... 2, 1, 4, 3, o 4, 1, 5, 2, 3 

Demdima ... 4, 3, 5, 2, 1 

Dalgaon ... 3, 2, 1, 4, 3 2, 1, 3, 4, 5 

Dalmini ... 4, 3, 2, 5, I 

At Etlielbarie the soils are generally of the much lighter 
type 2, 1, 4, 3, 5 but the “silt loam” type 3, 2, 4, 1, 5 also 
occurs. 

The Hantapara plateau consists mainly of the two tj’pcs 
2,-4, 3, 5, 1 and 2, 1, 4, 3, 5 with the still lighter 1, 2, 4, 3, 5 
type common at Ramjhora. 

Lankapara and Gargunda are mainly of the 2, 4, 3, 5, 1 and 
2, 1, 4, 3, 5 types. 
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The following heavier types also occur 4, 3, 2, 5, 1 and 4, 5, 
2, 3, 1 also the very light type 1, 2, 3, 4, 5. 

The heavier t}"pes are probably from Lankapara and the lighter 
types from Gargnnda. The two gardens ^vere sampled before 
separation. 

At Dumchipara the four samples taken are all of the lighter 
2, 1, 4, 3, 5 type, ^vhich changes into the closely related but still 
lighter type 1,2, 4, 3, 5 at Ramjhora, where the 1, 4, 2, 3, 5 type 
is also found. 

At Hantapara the bulk of the garden is of either the 2, 4, 3, 
5, 1, or 2, 1, 4, 3, 5 type, the latter lighter type probably pre- 
dominating. Patches of heavy grey silt of the 4, 5, 3, 2, 1 ty|>e 
also occur. These grey silts are obviously newer deposits overly- 
ing the normal soil of the garden, and are probably of the same 
origin as the infertile deposits already mentioned as occurring in 
the rest of the district. Those at Hantapara, ho^vever, have lost 
their excess of alkali, and accummulated a good store of organic 
matter. Although from tlieir pliysical nature they are not so 
fertile as the rest of tlie garden, these heavy silts at Hantapra 
grow tea very successfully. 

SOILS OF THE DAINA TOORSA DISTRICT. 

Sandy types. 


(Compare these with ^lal Sands, to which type only 
Red Bank Tea Estate and Haldibari approximate closely). 


Tea Gardens. 

Birpara. 

Huldibari. 

Ethelbari. 

Buudapani. 

Bed Bank. 

Soil type, 

2,I,4,.S,5. 

1,4, 3, 2, 5. 

2, 1,4, 3, 5. 

3, 2, 1,5, 4. 

1,2, 3, 4, 5. 

1. Coarse sand 

20 

36 

27 

13 

45 

2. Fine Barul 

3.^ 

12 

39 

27 

18 

3. Silt ... 

13 

14 

8 

42 

14 

4. Fine Silt 

19 

21 

18 

6 

10 

5. Clay ... 

Organic matter (Loss on 

8 

10 

5 

7 

3 

ignition) 

Soluble humus (Grandeau 

3-5 

7-5 

2-5 

4 

9 

Organic matter) 

2-0 

3-4 

0-8 

1 1*5 

4-0 

Acidity 

1160 

1780 

625 

1 950 

1 

1 

1660 
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Medium types. 


Tea Gardens. 

CfaoODB' 

bbntti. 

Dem 

Dima. 

Banda- 

pani. 

Banar- 

bat. 

New 

Dooars. 

1 Telepara. 

Soil type. 


2, 4, 3, 1,5, 

2, 4, 1,3, 5. 

1,2, 4, 5, 3. 

3, 1,2, 5, 4. 

1,3, 5, 2, 4. 

1. Coarse Band 

15 1 

13 

16 

32 

22 

32 

2. Fine sand 

14 

26 

32 

18 

22 

13 

3. Pilt 

28 

20 

15 

12 

31 

24 

4. Fine eilt ... 

24 

23 

21 

17 

3 i 

, 8 

5. CJay 

Organic matter (Lora on 

14 

12 

11 

13 

14 

17 

ignition) ... 

Soluble bumuB (Qrandeau 

4 

6 

4 

55 

7-5 

4-5 

Org-matter) 

21 

2-2 

1-7 

2-7 

2-8 

1*6 

Acidity 

2730 

1980 

1470 

2260 

1740 

1470 


Heavy Types. 


Tea Gardens. 



Lakh i para. 

Demduna. 

Soil type. 


4, 5, 3, 2,1. 

4, 2, 5, 1,3. 

4, 3, 2, 5,1, 

1. Coarse sand 

8 

13 

13 

5 

2. Fine sand 

9 

7 

23 

19 

3. Silt 

27 

16 

11 

21 

4. Fine silt ... 

26 

34 

24 

31 

5. Clay 

Organic matter (Lora on 

22 

23 

18 

19 

igntion) 

Soluble bumne (Grandeau 

7 

8 

9 

4 

Org. matter) 

... 

3-9 

34 

1-3 

Acidity 

... 

1760 

3650 

1022 


Silt-Loam Types. 


Tea Gardens. 

Birpara. 

Chamurchi. 


Dalmini. 

Soil type. 

2, 4, 3,5,1. 

4, 3, 2, 5,1. 


2, 3, 4,1, 5. 

1. Coarra sand 

10 

5 


10 

2. Fine sand 

35 

17 


38 

3. Silt 

17 

19 


22 

4. Fine silt ... 

22 

39 


17 

5. Clay 

Organic matter (Loss on 

10 

8 

11 

9 

ignition) 

Soluble hnmuB (Qraudeau 

4 

9 

3 

35 

Org. matter) 

1*9 

3*3 

1-3 

1-3 

Acidity 

1600 

2730 

2140 

1510 
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The loorsa-Jainti DutricL — This is the district where the real 
grey sandy loam ol the Doojirs is seen o\'er large areas. The pre- 
vailing wliitish or liglit or dark grey colour of the soil generally is 
very noticeable. It is dearly a, coin para tively new deposit ; 
frequently deep, overl} ing \\'liite silt or hue sand containing little 
plant food, occiisioiudly overly ing an tdder rich reddish brown 
surface soil at a de])th within reach of the tea roots. The red- 
brown soil occasionally still a]j])ears as a surface soil. Generally 
the surface soil is rich l>ut of no great depth ; nevertheless the 
physical characbu' of the soil is generally so good that tea does 
well, and the district includes some of the hnest tea grown. 

The characteristic suil t> ]X's of the district are those referred 
to under the name silt loam,” when writing of Daina-Toorsa 
soils. They are soils mainly made up of the three medium frac- 
tions, hue sand, silt, and hue silr, aiai contain little of either coarse 
sand or clay. Such .soils occur on rvery garden in the district and 
cover a largx* area on maiiv of them. Mechanically they are 
splendid soils for tea Even now although mosquito blight is very 
<listinctlv wide-spread in the district, the above soils remain com- 
j)ai‘atively less attaeked than the sands. When the quantity of fine 
silt is excessive, ]>arlicularly when clay also is present in signilicant 
amount, soils {>[ this nature may be too elose-graiue<l to rank as 
tirst class t< a soils. 

Sands (and sometimes very coarse s:inds) also occur, mainly 
in patches but sometimes over comparati\ eiy large areas. They 
are chemically very similar to the stiffer soils, l>nt generally have a 
hsser depth of good surface^ soil. The sands are wry distinctly 
inferior, its tea soils, to the “silt loams”; and on the sa]xds 
mosquito blight generally ajxpears tirst, and does more damage. 
The mochauicsil .similarity of these sands to the “Mai Sands ” is 
nofeable, but they liave not geuerally the very high acidity and 
organic matter. The small patcli from wiiieh tiie Dima sam[)le was 
taken, ho^vever, bears a very clo.se resemblance to the “ ^lal Sands.” 

Clay soils occur only on the gardens just under the hills, 
Toorsa and Kuugamattie. These clay soils, in fact, are on the 
lowest slojxes of the hills, and not on the plains proi>er. 
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Subsoils are generally lighter than surface soils, and gravel 
and stones very commonly appear below the subsoil. When either 
stones or sand form the lower subsoil splendid natural under - 
drainage is provided so that ‘‘blind” drains frequently appear to 
be sufficient. Where however the stones appear close to the 
surface, the growth of tea is not a commercial success, and Avliere 
these “istony ridges ” actually appear on the surface any attempt 
at planting is a matter of continual infilling, generally attended 
with disappointment. “ Stony ridges,” an occasional nuisance in 
the Daina-Toorsa district, here become a serious problem affect- 
ing large areas on many gardens. 

No case of infertile alkaline soil has yet been found in this 
district. This is rather a matter for surprise sinc^e these soils are 
apparently very much what the alkaline deposits may lye exi)ected 
to weather into. Although the soils are of coIUparati^'ely recent 
origin, it must be assumed that fresh deposition has now ceased. 

The good stiff ( but not sticky ) ty|)es occur as below : 


Toorsa 

.. Average 4, 2, 3, 5, 1 or 2, 4, 8, 5, 1 : 

less common 4, 3, 5, 2, 1; 4, 5, 3, 2, 1 ; 
3, 0, 4, 2, 1; 2, 4, 5, 3, 1. 

Sandier types 3, 2, 1, 4, o; 2, 4, o, 3, 1; 

1, 4, 1, 3, 5; also occur. 

Rungamatlie 

.. The 2, 4, 3, 1, 5 occurs. More commonly 
heavier types 4, 5, 1, 2, 3; 4, 1, 5, 2, 3; 
and a light tyj)e 2, 1, 4, 3, 5 is fairly 

common. 

Dalsingpara 

.. Average 4, 3, 2, 5, 1; also 4, 2, 3, 5, 1; 
2, 4, 3, 5, 1; 2, 3, 4, 5, 1. 

Sandier ty|:>es 2, 1, 4, 3, 5 j 1, 2, 4, 3, 5. 

Hastmara 

.. Average 4, 3, 2, 5, 1; also 4, 2, 3, 5, 1 
and 2, 4, 3, 1, 5, 

lighter ty|)e8 4, 1, 2, 3, 5. 
a heavier type 4, 3, 5, 2, 1 also occurs. 

Chuapara 

... 3, 2, 4, 5, 1 and 2, 4, 3, 5, 1. 

No analyses of lighter soils available. 



Mechpara 

Kalchini 


Dima 


Bhatkawa 


Rajabkai 
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... Only one analysis available 4, 2, 3, 5, 1. 

... 3, 4, 2, 5, 1 (only one analysis available, 

but this was taken as typicjil of garden). 

A sandier soil (from Kaimatang) is of 
1, 4, 3, 5, 2 type. 

... Average 4, 2, 3, 5, 1; also occurs 4, 3, 2, 5, 1, 
and one example from a very sandy 
patch is of 1, 2, 3, 4, 5 type which has 
the characteristics of the Mai Sands. 

... 4, 2, 3, 5, land2, 3, 4, 5, 1. 

also sandy tyi)e 1, 2, 4, 3, 5. 

... 2, 4,3, 1,5. 

Here the sandy tyite 1, 2, 4, 3, 5 appears to 
Ijc more common. 

A sample taken from a sandy ridge is of the 
1, 2, 3, 4, 5 type. It contains 95^ sand 
and practiailly no clay. Naturally, on 
that spot tea cannot k established. 
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The Jainti-Sankos Dw/rw/.— This district falls naturally into 
tNvo areas, comparatively light soils west of the Rydak and generally 
of a heavier nature east of tliat river. In both areas soils are 
chemically rich, and are generally chanicterised by high organic 
matter and nitrogen. The Jainti-Sankos soils appear to be older 
soils than those west of the Jainti ; the white and grey colours 
are re])laced by reddish browns. A few ])atches of dead black 
heavy soil also occur. 

At Jainti in tlie north (X!cur again ])atches of alkaline soil on 
>vhich it has beeti found impossible to grow tea. In tliis case, as is 
usual on such infertile latches, tlie “ Grandeau ” organic matter 
is extremely low, while the matter soluble in dilute acid is high. 
In the case of these ]>articiilar patches although the soil ty])e 
varies considerably, fine silt is ahvays the le;vding constituent 
(about o0%) and (day is always present in considerable quantity 
(about 17^) so that troubles are increased by the impervious 
nature of the soil, which is particularly marked in the absence of 
sufficient organic matter. 

No analyses of the normal soils of this garden are available. 

A little to the soutli-west at Phaskowa, the sandy type 
2, 1, 3, 4, 5 predominates ; although a lieavy type is also found, 
the 3, 0 , 2, 3. 

At Kartik the soils are generally sandy, types so light as the 
1, 2, 3, 4, 5 being found, but the 2, 1, 4, 3, .5 is probably more 
common. 

At Dhowlajhora the type 2, 3, 4, 5, 1 predominates. In 
this type of soil as found at Dhowlajhora the coarse sand and clay 
each average only 2 or 3 per cent. Although below the average 
of the district in nitrogen, such soils are physically very well suited 
for tea. 

The sandy tyj>e 2, 1, 4, 3, 5 also occurs. 

East of the Rydak the soils generally are, or have been, 
exceptionally rich. They appear very generally to have lain under 
wet (conditions, accumulating fertility, for some time before open- 
ing out. A few soils which have been very long under cultiva- 
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tion now show a comparative deficiency in organic matter which 
accounts for their lesser fertility, but on the whole the soils are 
still in splendid condition. 

At Rydak the type 2, 4, 1, .3, 5 appears to predominate, but 
the physical nature of the soil varies greatly from place to place. 
The uncommon silt tyiies 2, .3, 5, 1, 4 and 3, 2, 5, 1, 4 (i.reviimsly 
noted at Rhealwi) also (xicur. Rydak generally is exceptionally 
rich in “ Grandeau ’’ organic matter (soluble humus), and appears 
to have lain a long time under water-saturated conditions before 
ojiening <3nt and draining. The 2, .3, .3 find .3, 2, h ty]>es are par- 
ticularly rich in this respect, the “Grandeau" organic matter 
being laetween 4 and .3 [aer cent, in all four samples analysed. 
Medium sand tyi>es such as 2, 1, 4, 3, b also occur. 

At Newlands the related type.s 3, 4, 5, 2, 1 and 4, 3, b, 2, 1 
are common. \Mien these typi's contain a clay fraction of about 
20^, they become ditticult soils to work unless the organic matter 
content is very high, as it often is when the soils are newly ojjened 
out. Sandier ty|)e.s 2, 3, 4, o, 1; 2, 1, 4, .3, .3; ami 2, 1, 3, 4, 5 
also occur. 

At Ivinnargraiu similar heavy tyj^es 4, o, 3, 2, I and related 
types are found, but the very fine medium types 2, 3, 4, o, 1 aud 
2, 4, 3, 5, 1 aud a light type 2, 1,4, 3, 5 occupy large areas. 

At Saukos the soils are very similar to those found at Kumar- 
gram. 

The soils between the Ryilak aud the Saukos have a general 
reseiublauoe to those of the Hantipara plateau. 
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OBSERVATIONS CONCERNING TANNIN IN THE 
TEA LEAF. 

P. H. Carpentee, f.i.c., f.c.s. 


AND 


C. K. Harler, b.sc. a.i.c. 


IXTRODUCTIOX. 

In ii {irevious luiinlxir of this Journal it was shown that the 
price of Assam teas is based largely ou the taimin content of tlie 
tea (2). Prices abov-e tlie averagi^ uro jiaid chiefly for fla^'our, 
aromii and in some cases for (‘xceptional pungency, North-East 
Indian teas are generally pungent teas with body ” and the 
comparatively low [iricos ])aid for these rpialities is more than 
counteri)alanced liy the large crops given in North-East India. 
The (pialities of ]>ungency, “ bri.skness,” “ body” and thick liquors 
are all connected inore or loss closely with tannin jiroducts. The 
cream” whicli separates from tea. infusion ou cooling is also due 
in part to tannin jiroducts. 

Finished Indian Teiis contain considerably more tannin than 
t.awlon and China teas as is shown by tlie taiile below (1). 


Tannin K' 


\'a riation. 


Average. 


Iiidian Teas 

... ! 1;T32 

to 

14-98 1 

I 14-33 

j 

Cej’Iou M 

10-31 

to 

13-91 

12 29 

Ciiina ,, 

... ; 7-27 

to 

10-94 

j 9-50 


These pcrcenhiges are calculated on dry flnished black teas and 
are not comparable with taimin values sliown later on. When the 
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shoot is first plucked it contains from 25 to 30%^ tannin which, 
chiefly during the fermentation process in manufacture, is reduced 
to about 15%, The tannin which disappears goes to make cup 
colour and ‘‘ body.” 

The excess of tannin has been used as an argument against 
Indian teas in favour of China and Ceylon teas. However, China 
bushes grown in Assam have about the same tannin content as 
Burma and Assam bushes. Thus shoots consisting of two 
leaves and a bud plucked in July showed the following tannin 
percentages : — 


Plucking date. 

Taknin^^ on dht leap. 

Burma. 

Aasam. ^ 

China. 

July 17th 

i 25-92 9^ 

1 

24-20^/ 


24*53 

July Slat 

26-57^ 


24-75^/ , 



24*7794 


Some years ago an article was published in the Lancet 
showing that the harmful effect of tea tannin was removed when 
that body was combined with caffeine. It was also shown tliat 
in the better quality Indian teas most of the tannin was thus 
combined. This point has not been further studied but whether 
most of the tannin is combined with caffeine or not, the com]>ound, 
caffeine tannate, would be decomposed into its components by the 
acids of the stomach. 

It is highly probable that the ])ercentage of caffeine tannate 
is influenced by the manufacture of the tea, for the proportion of 
tannin combined with caffeine is different in fresh leaf and finished 
tea. Thus in green leaf the ratio of combined tannin to caffeine 
is about 4 to 1 whilst after manufacture it falls to about 3 to 1 
and sometimes less. 

Considering that tannin is such an important factor, perhaps 
the controlling factor, in determining the quality of the teas of 
North-East India, any study connected with the quality of such 
teas must necessarily start with the tea tannin. 
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Below is given some account of preliminary work in this 
connection. 


Experimental Details. 

In the experiments described, the tannin was estimated by 
Lowenthal’s method (5). Briefly, this method consists in 
estimating the matter in solution which is oxidisahle by permanga- 
nate before and after precipitation by gelatine. The difference is a 
measure of the tannin bodies. In order to convert this difference 
into actual weight of tannin, a factor which naturally varies with 
different tannins, must be used. 

A factor was worked out for tea tannin so that the Lowenthal 
method gave similar results to the tannin as determined gravime- 
trically by the hide powder method. The factor was found to be 
0*0416 grams tea tannin for each c. c. normal permanganate. 

In order to study the variation in the tannin content of tea 
leaf throughout the plucking season the crop from two-half acre 
blocks of tea from the Tocklai Clearance was used. One block 
consisted of dark leaved Burma bushes and the other of lisfht 

o 

leaved Single, Assam indigenous, bushes. On each block there 
were two types of pruning, one half the block being pruned 
annually and the other half biennially. In the year under consi- 
deration (1921) both blocks had been pruned, the annual to 14'' 
and the biennial to 10". Both were plucked at 27'^, and plucked 
to the ‘‘ jhanum ” from the commencement of tlic plucking season. 

As soon as the shoots were plucked they were divided into 
four parts, viz : — the bud, the first and second leaf, and the stalk 
bet^veen the first and second leaf. Each jxtrtion was boiled for half 
an hour with water and the filtered liquid was analysal for tannin. 

The crop curves for both plots showing the separate yields 
from the 14" and 10" pruned bushes are given in Figures I and 11. 
The total crop for each four weeks is given. The season ended on 
Nov. 27 th so the last point on the curve represents a 3 -week crop. 
By this method of reckoning, the general trend of the crop is 
shown. The slackening in the upward treud of the crop shown in 
August is part of the depression extending over four weeks at 
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tins period, detiuls of which arc given in an earlier number of this 
Journal (3). 

Apart from the fact that the Burma bushes give a larger crop 
than the Siuglo it is notable that the crop is given earlier. Thus 
the half se isou with the Burma 14'^ and 10" pruned bushes comes 
on August 1 8th and 25th respectively whilst the lialf season for 
the Singlo bushes is August 25th and September 1st respectively. 

It is interesting to notice that the crop given by the Singlo 
bushes for the four Avoeks ending Nov. 6th is almost double that 
given l)y llie Burma buslies. The light leaved Singlo bushes were 
flushing much more vigorously at the end of the season than the 
dark leaved Burma bushes. 

Variation in Tannin wmi Season. 

Below are shown the results of tlic study of the variation in 
the tannin content of tea leaves. The curves on Figs. Ill and IV 
also show tlie variation. 

Tables showma tht rariailvn in Tannin content of Tea 
auriwj the Seasnn 102], 

I'annin content />’ shoicn as pereeniaue <ni dnj leaf. 

Table I. 


Burma Tea pruned to pluched at 27'" 


Plucking date. 

Uud. 

No. 1. 

Leaf. 

No. 2. 

Leaf. 

Stalk. 

May 26th 


1 8 02 / 

13*70/ 

6 28/ 

June 9th 

19-46/c 

23*90/ 

19-93/ 

10-13/ 

,, ‘23rd 

21-52^ 

22*21 / 

18-44/ 

11*47-/ 

Aug. 4th 

19-92/, 

21*00/ 

18-98/ 

1M6/ 

„ 18th 

25 67/ 

26 84/ 

2.3*74/ 

10 39/ 

Sept, let 

.31 -20 / 

31-93/ 

25-31/ 

8*67/ 

„ 17th 

,3210/ 

31-57/ 

25-62/ 

13*51/ 

„ 29th 

28 68/ 

28 52 / 

24-07/ 

14-73/ 

Oct. 20th 

23 89/ 

25 65/ 

21-78/ 

11 87/ 

Nov. 3rd' 

29*13/ 

27 74 / 

24 72 / 

15*54/ 

17tb 

28 89/ 

28-65/ 

21 63/ 

15*73/ 

Average ... 

25-49/ 

26*37/ ^ 

21 63/ 

12*37/ 
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Table IL 

Burma Tea pruned to 10^^, plucked at 27" 


Plucking date. 

Bud. 

No. 1 
Leaf. 

No. 2 
Leaf. 

Stalk. 

June 9tli 

19-72^^ 

2100/ 

16-28/ 

7-76/ 

„ 23rd 

21■90^^ 

20-93/ 

17-90/ 

10 53/ 

Aug. 4th 

21-20/ 

21-40/ 

17-26/ 

9-62/ 

„ 18th 

24-05/ 

26-39/ 

20-54/ 

9 04/ 

Sept. let 

24 10/ 

28-57/ 

23-97 / 

12-31/ 

17tli 

27 10/ 

29-90/ 

23-67}^ 

12-48/ 

„ 29tli 

27-51/ 

28-91/ 

2415/ 

12-.32/ 

Oct 20th 

■ 24-96/ 

27-88/ 

22-86 / 

12-40/ 

Nov. 3rd 

i 27-48/ 

28-56 / 

21-38/ 

13-17/ 

n i7th 

i 28-33/ 

30-28/ 

22-80/ 

16-54/ 

.\v 0 rage 

24-67/ 

26-28/ 

21-09/ 

11-62/ 


Tabll 

III. 



Shii^lo lea pruned io jAueke 

d at 27". 


Plucking date. 

Bud. 

No. 1 

Leaf. 

No. 2 

Leaf. 

Stalk. 

May 26th 

..j 

17-50/ j 

16 50/ 

[ 

13-45/ 

5-50/ 

June I6th 

25-68/ 1 

25 66 / ; 

21-94/ 

12-72/ 

, 30tli 

24-82 / j 

26-68/ 

20-91/ 

12 61/ 

Aug, lUh 

29-36 / 

30 15/ : 

24 54/ 

12 92/ 

M ‘J5th 

28-94 /r 

27-33/ 1 

24-09/ 

12-88/ 

Sept. 8th 

27-50/ 

28 04/ 

21 01/ 

12-66/ 

M 22ii<l 

27-61 / 

29*46/ 1 

j 

25-92/ 

12 68/ 

Oct. 6th 

28 12/ 

3000/ 1 

26-32 / 

’I 09 / 

.. 27th 

23-67/ 

24 02 / i 

22-78 / 

11-89/ 

Nov. lOth 

27-36/ 

26-36 / 

22-08 / 

12-72/ 

„ 24 th 

23-93/ 

26-17/ 

21-00/ 

11-94/ 

Average ... j 

25-85/ 

20 40/ 

22-19/ 

11’78/. 
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Table IV. 

Singlo Tea pruned to 10", plucked at 27", 


Plucking date. 

Bud. 

No. 1 

Leaf. 

No. 2 

Leaf. 

Stalk. 

May 12tb 

16-40^ 

15-4944 

13-4844 

70244 

June 16th 

23-4744 

24-6944 

18-7444 


„ 30th 

24-4844 

24-7544 

20*8644 

13-3444 

Aug. nth 

284544 

266944 

20-3744 

11-3246 

„ 25th 

26-1244 

30-0444 

23-2444 

IOIB 44 

Sept. 8th 

24-9244 

27-2044 

20-7044 

11-31 4 * 

22nd 

Oct. 6th 

27-3144 ! 

28-0544 

; 23 7244 

13-5044 

27-6744 

32-1444 

23 1444 1 

9-7144 

27th 

24-4944 

24 6844 


11-4744 

Nov. 10th 

28-4044 

26-8344 

22-7344 

13-4746 

„ 24th 

25-08 

250244 

19-3244 

120244 

Average ... 

25-1644 

25-9644 

20-6544 

11 3246 


Some of the points to be noticed are : — 

(a) The lighter pruned bushes give more tannin than the 
lower pruned bushes. 

This is of interest in that low pruned tea gives poorer quality tea 
than high pruned. It must be remembered however that the high 
pruned bushes were plucked on 13" of new wood whilst the low 
pruned were plucked on 17" of new wood. Had the low pruned 
bushes been plucked to 23" the tannin content might have been 
nearer that of the other bushes. 

On the other hand, the quicker rate of growth of the low- 
pruned bushes might in any case lower the tannin content. It 
is of interest to note (4) that with fruit trees the slower the 
growth of the tree the more concentrated the cell sap. Thus, 
when a tree is lightly pruned, the cell sap is more concentrated. 
This same argument may apply to the tea bush. 

(6) The bud and the first leaf constitute the part of the shoot 
richest in tannin, but the first leaf is distinctly richer than the bud. 

Plucking immature leaf may therefore lower the tannin percen- 
tage of the fine grades of tea manufactured. 

The depressing effect of coarse plucking on quality will be 
apjM^ciated from the table below showing the average percentage 
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composition of a fine plucked shoot. The second leaf and stalk, 
both poor in tannin, comprise well over 60^ of the shoot. 


Bud 

First leaf 
Second leaf 
Stalk 


... 1 4 ^ of shoot plucked. 



100 % 


As more leaves of the shoot are taken, the tannin content still 
further decreases until the influence of the bud and first leaf is 
quite overshadowed by the depressing effect of the coarser leaves. 
Below are given figures which illustrate this. 



Moisture ^ 

Tannin^i 
(on dry leaf) 

Bad 

76-60 

27-94 o/o 

First leaf 

78 60 

27*94 Vc 

Second leaf 

76-BO 

21-34 

Third leaf 

76-90 

17-84 

Fourth leaf 

74-80 

14-50 

Upper stalk ... 

86-90 

11 70 

(Bud to second leaf) 



Lower stalk ... 

84-60 

6-43 

(2nd to 4th leaf) 




These decreases in tannin with the age of the leaf have been 
noticed with other plants, 6.^., the horse chestnut. 

(c) The Singlo leaves are, considering individual pluckings, 
usually richer in tannin than the Burma leaves. This follows the 
generally accepted idea that light-leaved bushes give better teas 
than dark-leaved bushes. 

The average tannin content of the Burma leaves in Table II 
is higher than that of the Singlo leaves in Table IV. This is 
because the Singlo pluckings include one made on May 12th when 
all the tannin values were low whereas the first analyses on Burma 
10" pruned tea were made on June 9th, after the rise in tannin 
values which occurs at the be^nning of the season. 
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For the year in which these experiments were made it is 
noticeable that the hiuuin content of the Singlo leaves is steady 
throughout tlu' season whereas for the first part of tlie season 
the tannin of the Burma leaves is distinctly low, 

(fl?) Seasonal variation. 

The lo^v value given by the May shoots is remarkable. The 
crop in this month is made up partly of the “ tipping ” which 
consists, to a certain extent, of slo’^vly gl•o^vn slioots. The May 
flush is chiefly made up of shoots which grow quickly as soon 
as the atmosplieric moisture increases as is usual during this 
month. 

In October tliere is a temporary falling off in t;mnin. It is 
impossible at present to explain this. The growing conditions at 
this peri(xi suddenly change^ as reference to the Meteorologiaxi 
Chart for 1021 will show (d). Thus the atmosplicrc has dried 
suddenly before the tem)XH*ature has a])]>reciably fallen. In 
Novemixr, although the absolute humidity continues to fall the 
reliitive humidity is increasing by virtue of tlm fall in tcanperatnre, 
and growing conditions are thus again altered. 

Only a few such sadden changes in the tannin content of the 
tea leaf have so far been observed. Thus at the en<l of June 1922 
after the tiinnin content of the total shoot had risen steadily during 
the preceding two months from t\)% to 30%, there came 
sudden drop to 25%. Tiiere were no obvious weather changes to 
account for this, but the rate of growth of the leaf suddenh' 
diminished and the shoots were all about half their usual weiglit. 

The general incia^ase in tannin as the season advances 
corresponds \\ ith the change noticed with regard to other plants 
rich in tannin, esjjecially the oak ami some of the conifers. . 

Rekeuencks. 
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A COMPARISON OF THE VALUES OF 
FLOUR PHOSPHATES IVITH THOSE OF RONE MEAL 


BY 

H. H, Wiles, m.a. 


In Part T of this Jounml for 1921 a note was jHiblished on 
tlie constitution of a sample of Flour Pliosphate received by the 
Department, and the results of a trial of its availability, as com- 
pared with that of Pamemea], upon a six -week crop of cow]>cas at 
Borbhetta. 

On analvsis the sample provtul to l>e a Calcium Phos]>hat<‘, 


giving the following average figures : — 

Iron and Alumina ... ... 12^ 

Lime ... .•• ... .56^ 

Magnesia ... ... 

Total Phosjihoi'ic acid ... ... -fi% 

Phosphoric acid, citric acid soluble ... 6 % 


This cron was grown in the cold- weather (October-Noveml)er 
1920) and received no rain at all with the result tliat it practically 
failed, the ]>lants on all the plots making but very little growth and 
also being attiicked by a root disease. 

Water- siipjdy being at that season a factor of primary import- 
ance, the effects of small dressing of phosphate were naturally only 
slight, and the results of this first trial may therefore be regarded 
as almost negligible. 

The trial was therefore repeated in the early rains of 1921, 
after a lapse of six months, but the cro]) which was sowm in the 
thin! week in April had to Ixj left in the soil for ten wrecks, instead 
of six, before it could be gathered, owing to the weather tliroughout 
May being unfavourable to green crops. 
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Even then, the crops on the check^plots were barely ready 
when pulled up, although those on the manured plots, particularly 
the ones which received the Flour Plios])liate, had yellowed some- 
what and were olnuously over-mature. 


Six plots receiving : — 

Avera ^'0 crop in 
lbs. per acre. 

Percentage of 
Check-plot. 


1920. 

! 1921, 

1920. 

! 1921. 

No manure (Check) ... 

^194-4 ' 

18144 ■ 

j 


Flour Phosphate 40 Uis. PJ),, per acre 

, 8064 ' 

! 38.52-8 

I +16 ^ 

+ 113 

Bone meal ,, ,, ,, 

j 851-2 

.535 3 ‘6 

+ 24 

+ 195 

Unmanured stripe (3 ft. wide) at sides of each 





plot ... 

1 

; 1568-0 


-13 


These figures render it obvious thai phosphate is here a con- 
trolling factor in growth, as botli mauui\'s sliow a very distinct 
effect in spite of the all-round poorness of tlie crops, due largely 
to tlie unfavourable weatlier conditions already mentioned and also, 
on the rnaiuiral plots only, to pre-maturit\'. 

Tt is noticeable that the Bonenieal in each case gives sonie- 
wliat the better crop, the Floin- Phosphate coni paring slightly less 
favourably with it in 1921 tliau in the first trial, the ratio of the 
crop increases producal by the two maunres resjiectively being only 
5 to 3 ill 1021 instead of 3 to 2 as in 1920. 

It is very interesting to note that the eft'eers of the manures 
are relatively the same on crops grown in the dry and wet weather. 

Tlie distinct decrease in fertility, shown by the unmanured 
(Irainside strips in comparison with the check -plots, is also of 
interest, as it is evidently due to “edge effect.’ 

As already rccordc^l for the 1920 sowing, the plots sown with 
brown imported seed again gave decidedly lietter crojvs than those 
sown with white local seed, alrhougli flu* twc) varieties were 
reversed on the plots at the second sinviiig. This superiority of 
the brown seed was pirticularly noticeable \\Fere the Flour Phos- 
phate liad been applied, the [dots sown evith it sho^v^ug an increase 
of 64^ over the white. 
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Residual Values : In order to test the residual effects of the 
manures applied in 1920, a further crop of white cowpeas was sown 
on these plots on May 24th of this year (1922). 

Weather was on the whole favourable and the plants made 
very fair growth on the manured plots, one of the Flour Phosphate 
plots being quite exceptionally good and giving 60% more crop 
than the next best plot. 

The crops were scarcely mature, however, when they were 
pulled up and weighed on July 7th, altliough patches of yellowing 
plants were very noticeable here and there on the manured plots. 
The plants on the check-plots ^vould undoubtedly have increased 
in size if left a little longer in the soil. 

In the following table the yields obtained are compare<l ^vitli 
those of the two previous solvings : — 


Manurea applied. 

Lines 

of 

Plants 

Average yields for 6 plots in lbs. 
per acre. 

Percentage Increase 
or Decrease 
compared with 
Check-Plots, 


plot. 

1920. 

1921. 

1922 

(Resi- 

dual). 

Total 
(3 yrs.) 

1920. 1921. 

: 

1922 

(Resi- 

dual). 

Flour Phosplmte 

5 

800-4 

3852-8 

3158-4 

7817-6 

+ 16 +113 

+ 28 

Bonemeal 

5 i 

851-2 

5.35 3'6 

2()43-2 

88480 

+ 24 +195 

+ 7 

Nil (Check-plot) 
Nil (Drainaide 

5 1 

694-4 

1814 4 

2464-0 

49728 


half-plots) ... 

4 


15680 1 

1 

1769-6 

1 ' 

... 1-13 

I 

-28 


It will be observed that, in spite of the distinctl}* greater 
initial effect of the Bonemeal up to six mouths after application, 
the contrary applies in cases of the residual effects after 18 mouths, 
Flour Phosphate having now produced an increase over the 
checks four times as big as that given by Bonemeal. 

At the same time Bonemeal is still quite definitely in front 
on the total crops for the three years, and it is doubtful whether 
the residual superiority of the Flour Phosphate is really either as 
large or as significant as the %ure8 would appear to indicate, as 
all the manured plots, with the exception of the one Flour Phos- 
phate plot already referred to, gave only slight increases over the 
check-plots. 
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The “ edge effect ” is slightly more marked on the unmanured 
drainside strips than last year, owing probably to the removal of 
the two previous crops having to some extent decreased their 
fertility. 

Conclusions : It would therefore ap[>ear that Bonemeal con- 
tiiins the higher j^erceubige of rapidly available phosphates, iii spite 
of its less finely divided stete. 

This may be due to the higher jjereeiibige of insoluble phos- 
phates of iron and aluminium in this iustince 12^, present in 
the Flour Phosjdiate. 

The latter, however, seems to be more lasting in its effects, 
while its physical shite makes it easier to apply ex euly, and renders 
more completely and rapidly available such propi^rtiou of its phos- 
phate content as may be used by the crop at any time, as is 
evidenceil b}' the fact that tlic Flour Phosphate plots were in all 
eases the first to mature. 



A NOTE ON CRICKETS 


HY 


E. A. Andrews, b.a. 


Au Rccoimt ot’ the life -history of the cricket might very well 
commence at the present time of year (October), for the ceaseless 
chirruping ^vhich is going on just now imlicates the fact t!iat the 
breeiling season is in full swing. It also indicates the fact tliat this 
is not the best time for the application of poison baits. More will 
be said of this later. 

This chirruping “ song is produced In’ the male, ^vho sits 
at the mouth of his burrow with Ihs head towards the entrance, 
and is presumed to attract the female. Be that as it may, during 
the day-time they may now l)e found in cou])leSj male and female, 
in the burrows. 

Occupied burrows may be recognised by the preseiice of 
freshly turned up earth around the burrow. Tins, however, is not 
invariably present now, but occu|>ied Inirrows are closed iu the 
dav-time by an earthen plug a short way inside, and tlie ])resene<? 
of this plug is a sure sign of oceupatioii. Tlie female bu s her 
eggs at the bottom of the burrow, eni bedding them iu the soil with 
an apparatus called the ovijiositor, s]jecially a<lapt(Ml for that ])iirpose. 
They are thus thoroughly well protected. 

The eggs are Ijeing laid in September and Octol>er, and hatch 
iu October and November. After hatching the young crickets live 
in the jmrent burrow for two or three days. They tlien di.sperse, 
and each makes a separate burrow for itself, coining out at night 
to feed. The burrows are short, only 3 to G inches down, and 
may l)e readily recognised h}’ the small heaps of fresh earth, eacli 
with a depression in the centre indicating the mouth of the Iiole, 
thrown up on the surface. At this stage the insect makes a fresh 
burrow each night. 
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As the insects f^row the burrows become longer and cease to 
Ik*, straight, and they may hav{* ramifications. As they grow, also, 
they are able to tackle larger and larger plants, and thus it comes 
about that serious damage to nurseries Ixjgins to occur about March 
or April. By July the insects are becoming adult and in this stage 
they ap]3ear to remain in the same hole, or they may occupy emj)ty 
holes. At any rate they seem not to make new holes for them- 
selves. 

The adult does little damage to tea as compared with the 
vounger forms, partly because it lias passed the period of growth 
and is not so voracious, jiartly because the plants liave grown too 
high, and ba‘ome too strong to be tackled. 

It would 1)C well to iiegin (‘ontrol measures now by jiouring 
kerosene emulsion, 1 jiart stock solution to 20 parts water {see 
“ Notes on the Spraying of Tea,” Indian Tea Association Pamphlet 
No. 1, 1915, for mode of prejiaration of kerosene emulsion) into 
the holes to kill any adult ^vl^icll may not }'et liave Iain eggs. It is 
hardly fcasilile to destroy tlie eggs at the liottoni of the burrow, 
thouirh it might lie thought that som(* solution miglit be poured in 
to kill them. Tliis is unfortunately not possible. In order to 
ensure contact witli the eggs the burro^v \vnuld liave to be filled, 
and since in tlie majority of eas('s the Inirroiv turns upwards at tlic 
eivl the eggs are still further protei'ted. Any Ikpiids wliicli kill 
etnrs are excTcMliugly corrosive, and large quantitie.s of such fluids 
cannot be poured into soils with impurity, and when tlie chance of 
the fluid achieving its object is so small it is certainly not ivortli while. 

The |>oisou bait might come in bandy if it could lie inserted 
into the burroivs in such a way as to form a plug. The young 
insects would then, on hatcliiiig from the eggs, have to cat their 
way through it, and would be killed. It would be a big job in a 
clearance though it might be done in a nursery, and would demand 
careful su|X*rvision owing to the ])oisoiious iiatuie of the stuff. 

It is not worth while broadcasting the bait yet. Such adults 
as are present are dying out and only a fe^y egg^ will yet have 
hatched, if any. Later on in November and Dewmber, when the 
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small heaps of fresh earth produced by the young crickets are 
present in large numbers the land should be hoed and then the 
poison bait spread. The hoe will kill many. The rest will be 
driven to feed on the l>ait, since the jungle has been hoed in. 

Doing this will probably save much trouble later, and it would 
not be a hv\ plan to bait any place, where crickets are active, 
directly after the hoe. 

The poison is made up as follows ; — 

Husks of rice (bhusa), or any green stuff 
such as chopped up boga medeloa or 
guinea grass ... ... 25 lbs. 

Powdered lead arvsenate ... . , , 2 lbs. 

(or powdered Copper sulphate) 5 lbs. 

(Lead arsenate is better) 

Lemons ... ... 6 (finely chopped) 

(or 12 drops lemon essence) 

Gtir ... ... ... 3 seers. 

W ater ... ... ... 4 gallons. 

Mix the giir with the water to form a syrup. Add the lemons 
or lemon essence and stir well. Then stir the lead arsenate into it. 
Then |x>ur this mixture on to the bhusa or green stuff and mix 
thoroughly. The Ijait is then ready for appliaition. 

As the bait is poisonous to man and animals, special care is 
required in applying it. 



NOTES ON SOME FUNGUS DISEziSES PREVALENT 
DURING SEASON OF 1922 . 

A. C. Tunstall, b.sc. 


Root Diseases. 

During the present season specimens of root disease have been 
received in large numbers. At first sight it would seem from this 
that these diseases are exceptionally prevalent this year. It is 
however more probable that the condition of the tea market has 
had more to do with the increase in the number of specimens sent 
for rejxirt than the prevalence of the disease. There is no doubt 
however that during the war and the subsequent slump planters 
paid much less attention to the fungus diseases on their gardens 
and in consequence small outbreaks were allowed to go uncheck ah 
This has in many cases led to very serious damage and in some 
instances the disease has become so general that the ordinary simple 
methods of eradication are impracticable. Since the publication 
of the pamphlets on root disease a considerable amount of 
further knowlalge has been obtained. There is no doubt 
however that in the case of small outl)reaks of root disease 
the empirical metliod of digging out all tlie dead and diseased roots 
thoroughly is the most practical way of dealing with it, but in' 
th ecases ^vhere the disease has been aliened to spread over a 
large area something further is necessar}\ 

In order to deal successfully with an extensive outbreak it is 
essential to thoroughly understand the natm*e of the disease 
concerned. The treatment M’hich has been found successful in one 
case will not necessai'ily serve for another. It is necessary 
first of all to get a cleiir idea of the manner in which the various 
root diseases are disseminated. 

Only one disease, Hymenochaeie noxia^ produced no spores 
on tea. This fungus sponilates on jungle trees but its fructifica- 
tions are rare. It follows therefore that it must be distributed by 
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direct contact. As a rule the disease spreads from root to root below 
ground but it sometimes proceeds along a trench in which woody 
material has been burie(i. Quite small portions of diseased tissue 
are sufficient to distribute the disease and it is essential to remove 
all the dead wood from the soil surrounding the bushes which have 
died of this disease. As a general rule the disease originates in the 
dead roots of a jungle tree. Sometimes the tree has entirely dis- 
appeared above ground before the disease makes itself noticeable on 
the surrounding tea. In our own tea plots at Tocklai this disease 
occurred in a place which had been grazed over for years. A 
careful search in the soil, however, revealed portions of a Nahor 
tree root some feet below the surface. There is only one way to 
treat this disease, the dead w*ood must be completely removed as 
quickly as possible. The disease is S|)ecially prevalent on sandy 
soils. No soil treatment seems to do any good. Unfortunately 
complete removal takes a lot of time and labour and in the case of 
large areas the treatment cannot be carried out at once. In such 
cases the implements used for cultivating the infectol areas should 
be kept separate and oj^rations for the eradication of the disease 
should be carried out as rapidly as possible round the edges of the 
patches, the centres being left until Labour is available to complete 
the work. In this manner the disease may be prevented from 
extending but the bushes still uninfected within the area are not 
protected. To protect them a trench deep enough to isolate their 
roots may be dug. 

Ustulina zonaia spreads from root to root just like 
Hymenochaete noxia. Unfortunately this fungus also sprciuls 
above ground by spores. These spores can only attack tlic [flauts 
at decaying wounds such as dead snags on borer holes. As the 
disease spreads above as well as below ground the treatment 
suggested for Hymenochaete noxia does not apply. AVhcn a 
section is badly attacked the disease is often distributed here and 
there over a large area and is not confined to one or two large 
patches. In the case of neglected outbreaks wlien the fimgus 
has attacked very many plants it is impossible to remove all the 
plants at once. It is necessary to find some method of rendering 
the remaining healthy plants temporarily less susceptible to the 
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disease. As the disease is principally found on acid soils removal 
of the acidity may help matters. It has been found that heavy 
dressing of lime have this effect and whenever this disease 
appears a heavy dressing of lime should be applied to the soil in the 
neighbourhood of the diseased plants. The dead plants should be 
removed as soon as ixissible and all the remaining bushes should 
be carefully cleaned of all dead snags and the wounds painted with 
a mixture described below. 

Other root diseases resembling UstuRm zonata in their effects 
are occasionally found. One caused by Kretzschmaria rkuopus 
^ ery much resembles UsiuItHd zonatd in appearance as well as in its 
effects. On some deteriorated bheels tlie tea has become infected 
with a fungus called Aurmdaria Judiae. This fungus enters the 
plants at dead snags and after growing through the woody tissue 
finally attacks the growing layers and kills the plant usually 
branch by branch. The fungus produces a fruit resembling a 
brown human ear hence the name Jew’s ear fungus. The treat- 
ment suggested for Ustulitici zoTidld is equally applicable to this 
fungiis, 

Sphaerostilbe repens spreads in a similar manner to Ustulma 
sonata^ but it is much more susceptible to soil treatment* It is 
a disease which will only thrive in ^vater-logged acid areas. It 
has been found that bushes already badly infected will often 
recover if tliese conditions are removed. Areas infected by this 
disease should be heavily limed and the drainage improved as much 
as possible. All dead plants should of course be removed as soon 
as convenient. 

RoseUinia arcuata. This disease is distributed by spores 
and by spreading througli dead organic matter from busli to bush. 
It does not readily attack health^^ clean stems or roots but 
generally starts in dei^d decayii'ig snags or in collections of dead 
leaves lying in contact with the bushes. It also grows in dead 
wood buried in trenches. The fungus is particularly susceptible 
to the action of lime and in most cases the disease can be 
checked by liming the soil and laying bare the colhirs of the 
bushes in the neighbourhood of the diseased ones. Where trenches 
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have.’becorae infected it is necessary to dig out all the infected 
material. This is a long job and it is suggested that on areas 
where this disease has been found the trenching material should 
be sprinkled with lime before being covered up. It is also as well 
not to make the trenches continuous. In that case if a trench 
becomes infected comparatively little work will be required to 
remove all the infected material. 

Thy rid aril tarda is probably the most widely distributed of 
all the fungi which may be termed root fungi. This fungus is 
present throughout the tea districts but fortunately it only does 
serious damage under exceptional circumstances. The fungus 
attacks plants tlirough wounds and spreads throughout the wood 
causing very little damage to healthy, vigorous plants. If however 
the vitality is lessened for any reason the fungus attacks the layers 
actively concerned in growth and a moribund condition of the 
plant results. Plants in this condition succumb to Red Rust, Brown 
Blight and other diseases. In a few cases the plant dies very 
suddenly for no apparent reason. This sudden death often occurs 
after pruning. Bushes which have been moribund for a long 
time sometimes recover completely when conditions are improved. 
Drought is one of the commonest conditions rendering plants 
susceptible to this disease and it is always most prevalent on 
coarse sandy soils. ^Yhen tea growing on such soils is cut back 
or coDar pruned this disease often causes much damage. The 
fungus most readily attacks the cut ends of branches when the 
w ood is drying back. When the soil is deficient in moisture, 
the cuts do not heal so readily and there is a tendency for them 
to dr}’. They are then specially susceptible to this fungus. For 
this reason it is well to do all heavy pruning very early on such 
soils and to protect the wounds by a mixture described below. 
This method has been found very satisfactory on a number of 
gardens. On most areas of cut back some of the plants do not 
come away. In many cases their failure is due to Thyridaria 
tarda. It has been found that the application of 2 to 5 ozs. 
of Nitrate of Potash to the soil round each of these bushes 
frequently gives them the start. The same treatment applied 
to moribund bushes is often sucessful but in the case of unpruned 



tunstall. 


119 


or light pruned bushes in this condition it is desirable, in addition 
to spray the plants about April with a fungicide,..,. Lime 
sulphur solution to help them to withstand the attacks of Red 
Rust and Brown Blight which almost invariably attack them 
severely. In the case of collar pruned bushes which fail to come 
away the topmost layer should be cut off and the fresh cut painted 
over, in addition to the Nitrate of Potash manuring. Briefly 
it is desirable to carry out the pruning when the wounds are likely 
to be least susceptible to the fungus and further to protect the 
wounds immediately from the fungus. For the past two years 
observations have been made at Tocklai of the spores present in 
the air at varying distances from the nearest tea. It was found 
that S]x>re8 of this fungus were less fre(]uently found about 
September and October although the wind at that time was blowing 
from the direction of the tea. For this reason also it would seem 
desirable to prune early. The fungus may also attack the bushes 
on the roots where the hoe has cut them. This has been noticed 
in many cases at Borbhetta. To treat the bushes which show 
sigma of the disease by becoming moribund the application of 
Nitrate of Potash is recommended, aided if necessary by spraying. 
Dead bushes should be removed as soon as possible as the spores 
of the fungus are produced in profusion on the dead roots. 
Although the fungus is always present it is of course desirable 
to reduce the number of spores available as much as possible. 

Dead wood usual source of infection. 

From a study of root disease as a whole a few general conclu- 
sions may be draivn. With the exception of Thyridaria tania^ which 
is not properly a root disease, these diseases spread principally 
below ground and any dead wood in tlic soil is liable to prove a 
centre of infection. On gardens jilauted out on Forest land there 
are generally plenty of tree stumps among the tea and any of 
these stumps is dangerous. It is quite useless to compile a list 
of the trees specially liable to start root disease as no woody tree 
appears to be immune from attack. The burial of woody material 
in trenches is always likely to leiul to trouble unless the wood is 
sprinkled with lime. This seems to hasten decay and at the same 
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time prevent the attacks of fungi causing root disease. If a root 
disease fungus attacks this wood it may be necessary to dig it all 
out. This is a very expensive operation, but it has had to be done 
in some cases. Wherever the root disease is prevalent it is wise 
to break the continuity of the trem^lies at intervals to limit the 
extension of any pathogenic fungus which might attack the 
trenched in material. 

When the disease producing fungus is able to spread above 
ground, dead wood, in the sha}>e of decjiyiug snags, is again the 
principal consideration and all such should be carefully avoided. 
Many bheel gardens have bushes covered with snags and if the 
soil conditions become unfavourable the spread of such a fungus 
as AnriaiJaria hidiae is greatly facilitated. This has l^en 
frefjuently illustrated on deteriorating bheels. The deterioration 
is in the first place due to soil conditions and the fungi complete tlie 
bad work. 

Soil conditions. In the case of all root diseases the soil 
conditions largely determine the susceptibility of the bushes to 
attack. Most fungus diseases of this nature thrive l>est on acid 
soils. The mechanical condition of the soil is of sjx^cial im|x>rtance 
in the case of SphaerosiRhe repens. A stiff soil difficult to drain 
is genei-ally infected with this fungus. It seems that heavy 
applications of lime tend to make the soil unfavourable to the 
fungus. The lime besides removing acidity and imj)roving tilth 
also expedites the decay of dead wood. There is no doubt that 
much can be done by manuring to render the bushes themselves 
less susceptible. For instance the action of Potash on the bushes 
infected with Thyridaria tarda on sandy soils. The problem 
of the influence of soil on the susceptibility of the plants growing 
thereon to fungus disease or insect attack is a very complex one 
and further chemical investigation is necessary before definite 
recommendations can be made. 

The dagger of delay. Root diseases except Thyridaria tarda 
can be controlled by the simple method of carefully removing 
the diseased plants Immediately the disease is noticed. This method 
is easily carried out when the outbreak is small, but if small 
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outbreaks are neglected the disease in question very soon becomes 
BO serious that treatment is very expensive and laborious. In 
any case sooner or later the dead roots have to be removed and the 
cost of treatment alone may be very heavy. The loss due to 
root diseases is enormous and in many cases can be prevented by 
taking precautions in time. Whenever a plant dies from any 
cause it should be removed at once. If the cause is unknown 
the dead plant should be sent to this department with full parti- 
culars of the circumstiinces in which it died. An idea should be 
given of the severity of the athick. It often happens that a 
diagnosis cannot be made immediately. If the fungus has produced 
no fructifications it is often impossible to identify it with ceilainty 
and cultures, etc., have to be prepared in order to obtain fructifications. 
This takes time, ]X?rhaps some mouths. Where the attack shows 
signs of becoming serious preference may l>e given to such aises 
BO that further treatment may )}e delayed as little as possible. Iso 
bushes should be regarded as having died from mechanical injury, 
111 all cases disease should be presupposed. 


PaIKT for TREATIN'G WOUXDS. 

A simple and effective fungicidal paint for painting wounds 
is made as follows. Dissolve 5 lbs. of Copjx^r sulphate in 10 
gallons of water and add to this slaked lime in sufficient quautit} 
to make a ^laste. The use of rice ^vater instead of orLiiuary water 
makes the paste adhere better. 


Black hot. 

During the past few months a number of outbreaks of a 
serious diseuee ^Ued Black rot huve e>ccurred lu Assam This 
disease is caused by a fungus Hypochuo^ time. Tins fungus 
assesses a very fine myadium which grows on the outside o the 
daut like Thread blight. The threads are so mmutc as to be 
almost invisible to the naked eye. Even with a Iciis they are o en 
difficult to dkluguish. The fungus attacks the green shoots and 
leaves. At first it «uses a slight discoloration nhich r.apidly 
becomes darker. When wet the dark ixitehes are almost black but 
ou drying they resemble those formed by Brown Blight, bometimes 
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the patches become infected by Brown and Grey Blight and the 
true nature of the disease is often masked by this. One of the 
characteristics of this disease is the manner in which the leaves 
stick together wherever they touch. It is also noticeable in many 
cases that the disease occurs in patches on the bushes not like 
Brown Blight which is scattered all over a bush. The spores are 
produced on the undersides of the leaves usually on healthy looking 
green portions. The spore producing area is white, just as though 
a little dusting powder had been sprinkled on the surface of the 
wet leaf. The spores are basidiospores and are produced on the 
ends of hyphaB projecting from the mycelial net Fortunately 
in most cases only few patches of spores are to be found and the 
disease is distributed more by contact than by spores. Coolies 
wor^g in the infected tea brush off little bits of the mycelium 
and thus transfer it from bush to bush. When spores are being 
produced the spread of the disease is much more rapid and infected 
bushes are found scattered all over a section instead of in patches. 
The disease is capable of doing very severe damage. On one 
garden a considerable area of tea has been so severely damaged that 
a large number of bushes have died right out and the yield of 
some hundreds of acres considerably reduced. Unfortunately the 
presence of this disease was not suspected for a long time. The 
deaths of the bushes had been attributed to root disease and the 
brown sjx>ts on tlie leaves to Brown Blight. Some years ago a 
serious outbreak of this disease occurred in a garden in Upper 
Assam and the w riter personally supervised the treatment. This 
work was reported in the QuarUrly Journal^ Part III, 1918 . The 
results of this treatment w^ere very satisfactory. 

Isolation. 

When this disease is suspected the area of tea infected should 
be isolated at once. AU the coolies necessary for the cultivation, 
etc., should be specially selected and not allowed to work in the 
other tea without being disinfected. The simplest method of 
carrying this out is to spray the coolies with Lime— sulphur 
solution as they leave the w^ork. This solution in the strength 
suitable for spraying tea does not injure the skin or clothing. It 
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hurts the eyes but it is unnecessary to spray the face. The smell 
is unpleasant but coolies do not object to it. It may also be pointed 
out that this solution is a remedy for itch and other skin diseases. 
The implements, baskets, etc., should also be treated the same way. 

Treatment. 

The diseased leaves and slioots should be removed and burned. 
The plants sliould tlien he thoroughly sprayed with Lime — sulphur 
solution. The spra3'ing should be repeated a week or ten days 
later. 

If the diserise has sji^read over a large area, treat all the small 
patches in tlie tea sliowing least infection, including in the treatment 
three rows of buslies all round the diseased ones. Meanwhile keep 
the large areas isolated and treat tliese later as soon as time 
[>ermits. 

As the fungus is wholly outride the plant like Thread Blight it is 
|x)ssibl(‘ to kill it riglit out ith a spray fluid. A second ap]:)lio<ition 
is oulv recommended in case some parts of tlie bushes have l>een 
missed in the flrst application. 

When seiKliuif specimens sus|)ected of liaviug Black Rot 
to the Scientific Department it is advisable to send tliem packed 
in a corked bottle as uheu the specimens are dried up this disease 
it is very diflicult to identify. 



NOTES. 


“ The Use of Flowers for Infusing”— The followiu,i>’ rt])peui‘s 
in the Interuational Review of Science, No. 9, Year XII, as an 
abstract of an article in the Boletin de Agricultura Indnstria y 
Comercio de Guatemala, Year I, p. 23. 

The infusion of the flowers of tea is much less known than 
the infusion of the leaves, although richer than the latter in aroma 
and equal to it in all other qualities. In view of the fjK’illty for 
fraud in the leaf-tea trade, the flowers offer several advantj\ges 
compared ^vith tlie leaves, e.g.^ easy plucking, no injury to the 
bush, much greater difficulty in adulteration. 

As the tea Inish flowers very abundantly, it would be proflt;d)le 
to work it for its flo^vers. Tea made from the flowers could be 
sold at a higher price thau that made from the leaves, for not only 
is it more aromatic but also sweeter and coutoins less theiii. 
Recently tea made from the flowers, which up to date Invl been 
reserved for the exclusive use of the rich ])eople in the principal 
producing countries, and ^vas not ex}>orted, has Ix^guu to be im|K>rt- 
ed into Euro}X\ 

Tea does well Avherc coffee does well ; its growth in Guatemala, 
with a view to harvesting the flowers, is therefore recommended. 


C 0. P.—l, 500^10-64922. 
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thp: effect of manures on the constitution 
OF THE tea plant 

BY 

P, H. CARPENTEIi, F.C,S. 

AND 

C. R. Harler, b.sc., a.i.c. 


Introduction. 

Within the past two cteules tlie use of manures and artificial 
fertilizers has steadily increased in the tea gardens of North-East 
India. The chief object of manuring has been to increase the crop, 
jihd the success achieved in this direction can be partly gauged by 
the fact that the outturn per acre has been almost doubled in 
the past twenty years! Increased labour force, improved methods of 
cultivation an<l treatment have naturally also liad a great influence 
ill producing this increase. 

While it is now a comparatively simple matter to increase 
crop by maiuiriug and cultivation, it has happened in many cases 
that such increase has been oI>ti\mD;l at the cost of an increased 
susceptibility of the |>laut to bliglit attack. Susceptibility to blight 
attack, for example, commonly follows the use of too heavy an 
application of nitrogenous manure alone. 

On the otlier hand, the plant's susce[itibility to disease has 
often been decreased by correct niamiring, generally by the appli- 
cation of potash, lime and [iliospliates alone or in combination. 

In the absence of good drainage, however, results have not 
been obtiuued, for it is ditiicult for manure of any type to exert its 
influence in a water-logged soil. In comiectioii with water content 
of the soil and efficiency of manure, Shive (10), dealing with seed- 
lings, has shown that the optimum manurial ratio is about the same, 
whatever the soil moisture may be, but the crop may be reduced by 
as much as 50 % by making the water content double the optimum. 
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A study of the acid soils of Assam ( 2 ) has shown that 
the first necessity is generally the alleviation of acidity. An 
application of lime, potash or phosphatic manures brings about 
the desired result, but each in a different manner. The tyjie of 
manure best suited to a soil depends naturally on the physical and 
chemical state of the soil. 

Thus the primary effect for which a manure is added, u/c., 
increased available plant food, is not necessarily obtained in our 
soils until certain secondary reactions are finished. 

Even when the secondary reaction of tlie manure has been 
realised, the primary action is not simple and straightforward. 
Hall ( 4 ) fully appreciated this when he proposed to analyse the 
soil by means of the plant, intimating that ordinary chemical 
analyses gave no true measure of the plant food in the soil. Some 
years later, Hall, Brenchley and Underwood ( 5 ) showed that there 
was some relationship bebveen the amount of potash and phos])horic 
acid in the soil, and of these constituents in cerbiin plants, but it 
was also shown that the variation between individual plants was 
often as great as that Ixitween plants grown in quite different soils. 

Andrews (1), studying the mosquito blight of tea {Helo'peliis 
iheivora)^ has shown that if certain of the roots of an attacked 
bush are put into solutions of potash, the bush is able to throw off 
the attack in a few days. Solutions of phosphates fail to bring* 
about this phenomenon. 

It would thus appear probable that the degree of susceptibility 
to disease may be correlated with the composition of the leaf 
produced. Below is an account of experiments undertaken during 
the years 1918 to 1921, in order to ascertain how far the 
content of nitrogen, phosphoric acid and potash in the leaf of the 
tea plant could be altered by ordinary manuring. It is recognised, 
however, that other factors, such as the water content of the soil 
and the presence in the soil of substances other than those added 
as manure, will have a great influence on the plant’s content of 
any particular substance, and therefore no very close correlation 
bet^veen manuring and plant composition can be expected except 
und er very closely controlled conditions. 
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The work falls into two division.s, 'one dealing with sand 
cultures and the other dealing with fuUy grown tea bushes. 


The Effect of Manures on Tea Seedlings. 

In_ the earlier work on the effect of manure.s on tea seedlings 
grown in sand (6), groups containing 10 seedlings were treated 
with manures varying in their potash, pliosphate and nitro^mn 
content. It was .shown that the phosphatic content of the seedlino 
varied with that of the manure. The relationship between nitroi^en 
and potash m the plant and that in the manure was shown to°)ie 
obscure. 

The next season ( 1921 ) fre.sh seeillings were grown. Only 
three different manures ivcre added, and in each experiment there 
were originally .50 seedlings. By taking this number of seedlings it 
was anticipated that the effect of individual variability of the piLus 
would be sufficiently diminished to make the average results of value. 

Davis (3), studying the effect of different culture solutions 
on the weight of wheat seedlings, found that e^'e^ by using 165 
plants the- arithmetic means gave a very incomplete idea of the 
value of the different manures. The curves of the frequency of 
distribution in two a^ses out of three practically overlappxl Only 
when the nature of the nutrient solution was entirely changed 
was any distinct difference in the weiglit of the crop observed. 

Smith and Butler (11), studying the relation of potassium 
to the growth of plants, di-ew attention to the fact that potasli 
manures greatly iuflueuce the potash content of tlie plant when 
potasli is the limiting factor. 

Accordingly, it was considered possible that, by treating 
seedlings with manures which were absolutely distinct, a significant 
change would be observed by analysing about 50 seedlings treated 
with each type of manure. It ^vas also considered that the chemiad 
constitution of a plant might respond more readily to different 
manuring than would the total weight of a plant. 

The manurial solutions applied to the sand cultures ^^eve 
normal, potassic and phospliatic. The normal manure was based 
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on the well-balanced manure suggested by Knoop. The nutrient 
solutions were made from sodium nitrate, potassium chloride, 
superphosphate, magnesium sulphate and a trace of ferric chloride. 
Below is shown the constitution of the three solutions : 



N 

Water available. 

Manure. 

parts 

per million. 

Potash 

Phosphates ^ 

Normal 

8-7 

•0072 

•00077 

Potash 

3-0 

•0168 

•00026 

Phosphate 

3-0 

I -0024 

•00180 


With the second and third solutions the potash and phosphate, 
•respectively, are increased to make these constituents the predomin- 
ating factors. 

The seeds germinated in March and in April and were then 
planted in pure sand. After they were well esfci.blished the cotyle- 
dons were removed preparatory to the addition of nutrient solution. 
The moisture content of the sand was kept at 15^, this figure 
having been noticed to give the best results with tea seedlings. 

In September the seedlings were uprooted, dried and analysed. 
By this time only 31 of the 50 seedlings which received the 
normal manure were alive. Of those receiving the phosphatic 
manure 38 and of those receiving the potash manure 48 were 
still alive. The health and freedom from blight of the potash 
seedlings were marked throughout the experiment. With regard 
to flushing, the potash seedlings were again superior to the others, 
both with regard to size of new leaves and earliness of their 
formation. The seedlings receiving the phosphatic manure were 
the last to flush. 

It may be remarked here that phosphatic manuring appears 
to improve the quality of tea. It is shown later that the phosphatic 
content of the leaf of the fully grown tea bush is not appreciably 
altered by phosphatic manuring ; hence the improved quality is 
probably due to some other change, and it is quite likely that the 
slowing up of the rate of flushing observed with seedlings may 
bring about this improvement, 
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The analyses of seedlings gave the foUowing results : ’ 

Table showing Analysis of Tea Seedlings grown\with 
Different Manurial Solutions. 


Manures. 

Ash 

Vo. 

J 1 

PnospHATEa 1 

1 

1 Potash ^ . 

In dry 
leaf. 

Ash. 

1 In dry 
leaf. 

■ Aab. 

Normat 

Potash 

Phosphate 

7-22 

7-53 

1 6-20 

i 

1 311 

: 3’25 
■ 3-55 

1 “503 

-479 
-530 

6-97 

6-35 

8-40 

1-53 

1-98 

1-72 

21-20 
26-32 
, 27-40 


The phosphatic manure increases the phosphate content of 
the dry leaf considerably but decreases the iX3rcentage of ash, whilst 
the potash manure increases the potassium content of the leaf. 


The nitrogen content of the seedling is seen to be much 
greater in the plants receiving a phosphatic manure than in the 
others. This effect lias been noticed with other plants, especially 
Leguminosm (8). 

There is considerable variation in the ash content of the 
different seedlings. 

Hence it may be concluded tliat if ptash or phosphates are 
made the controlling factor in the food of the tea seedling, the 
proportion of potash or phosphate in the sealling will be increased. 
This, however, does not hold with shoots plucked from fully grown 
tea bushes, as is shown below. 

The Effect of Manures on the Constitution 
OF THE Tea Leaf. 

In order to observe the effect of manures on the consti- 
tution of shoots from tea bushes, a plot of 252 bushes was selected. 
The plot was well drained and the soil, \\ sandy silt, fairly even. 
Weak bushes were not taken in the experiment. Each manured 
bush was separated from the next manured bush by three untreated 
bushes, the middle one of which was fciken as ‘the check bush. 
The lines were lettered A to I, and the bushes in each line numbered 
1 to 28. The buslies from lines B, D, F, H were not analysed. 
The odd numbered bushes in rows A, 0, E, G, I were analysed. 
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The manures were added in April of each year and, reckon- 
ing the nitrogen as N, the potash as K 3 O and the phosphates as 
PaOg, each bush received manure at the rate of 90 lbs per acre 
made up in 6 quantities of 15 lbs. each. In the tables at the end 
the bush number, the amount of manure and the chemical analysis 
of theileaf are shown. 

In 1919 the nitrogen was added as dried blood and in 1920 
and 1921 as ammonium sulphate. The potash was added in all 
three years as chloride. In 1919 the phosphate was added as 
superphosphate and in 1920 and 1921 as bone meal. 

The bushes were plucked weekly and each plucking was dried, 
and then at the end of each season the total crop was analysed. 
The yield from difEerent bushes varied greatly and was in some 
cases almost as much as 2 lbs. green leaf in the season and in a few 
cases only half as much. 

In the analysis of the leaves the phosphate was estimated as 
ammonium phosphomolybdate and the }x>tash as iJerchlorate. 
The values given in the tables refer to percentages in dry leaf, 
for these figures probably have more significance than the 
percentage in the ash. 

The conclusions drawn from the analyses will now be dis- 
cussed. First the simple relationships will be considered. 

(a) Variation between Bushes , — The variation shown by 
different check bushes is as great as that shown by bushes receiving 
manures of the most varied nature. 

The tables below show the maximum and minimum values 
( excluding one or two exceptional figures which are very wide of 
the others ) shown by different bushes. The values each year do 
not refer to the same bush. 

The first table shows the variation between light pruned 
bushes and the second between collar pruned bushes. The light 
pruned bushes were pruned to two fingers of new wood each year 
and the heavy pruned were collar pruned in 1918, unpruned in 
1919, cut to 6 inches above the collar in 1920 and again uiipruned 
in 1921. The collar pruned bushes were plucked at 27 inches 
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from the ground and the top pruned leaving 6 inches above the 
pruning cut. 


Variation between leavee from light pruned Check EuBhes. 


Year | 

Nitbooen 3^ 

Potash Yo 

Phosphate Yp 

i 

Max. 

1 Mia. 1 

Max, 

Min. 

Max. 

Min. 

1919 

5-39 i 

4'89 i 

! 2-84 

1 

1 

203 

D05 

078 

1920 

5-98 


2*8G 

1 2-09 

1*07 ' 

0*76 

1921 

579 

4-53 

2-91 

2*04 

105 

0*78 


Variation between leaves from collar pruned Check Cushos. 



Nitboqejj 

Yc 

Potash Yo j 

Phosphate Yo 

Year 

Max. i 

i 

Min. 

Max. 

^ Min. 

1 

Max. 

Min. 

• 1919 uopruned 

5*89 

472 


! 

i i 



1920 6'^ above collar 

6'25 1 

5*23 

2*93 

1 2-40 

1*17 * 

0*87 

1921 unpruned 

5'91 

4*42 

2*98 

2*51 

M2 

0*88 


From this it will be seen that a comparison of actual values 
shown by differently manured bushes will give information which 
is always 0 ])en to doubt. If individual bushes are followed through 
the three years it is possible to draw some conclusions. 

(b) Average Check Bush Values— The average shown by the 
light and collar pruned check bushes are given below 
Averago AnalyaoB of Check Bushes, 


— 

Nitrogen Yo 

Potash Yo 

Phosphate Y 


1919 1920 1921 

1919 1920 1921 

1919 1920 1923 

Light pruned 

5*05 5 57 5*23 ' 

2-03 2*53 2*81 

: 0*90 0*90 0*90 

Collar „ 

5*27 5*82 5*30 , 

2-88 2-64 2*79 

0-95 1-01 0*99 
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The first point noticeable is that the collar pruned bushes 
give higher figures (except in the case* of potash for 1921) than 
the light pruned bushes in spite of the fact that in 1919 and 1921 
they are unpruned. 

The nitrogen values rise during 1920 and fall again in 1921. 
The potash values fall in 1921 and then rise in 1921 to a value 
higher than that in 1919, so that high nitrogen corresponds with 
low potash. The phosphate values are fairly steady but show a 
slight general rise. 

Now smce cultivation, pruning and plucking have been the 
same over the three years so far as the light pruned bushes are 
concerned, the difference in these cases, at any rate, will be largely 
due to weather conditions. The year 1920 was one of very evenly 
distributed but light rainfall and this undoubtedly fostered good 
nitrate accumulation in the soil. This year was a good year for 
growth of tea. The year 1919 was the driest year of the three, 
in spite of heavy storms which would tend to minimise nitrate 
accumulation. Both 1919 and 1921 were poor years so far as the, 
tea crop was concerned. 

(c) Niirogen Values . — As a general rule the light pruned 
manured bushes (irrespective of manure added) were richer in 
nitrogen than the check bushes during 1919. In 1920 and 1921 
they generally dropped behind the check bushes. The values below 
are the means for the light pruned bushes compared with those of 
the checks. 


Nitrogen 

Values- 




1919 

1920 

i- 

1921 

1 

i 

Check Bushes 

5*05 

5-57 

5-23 

UftDured Bushes ... 

5-20 

6 52 

5'2I 


Thus on the whole the influence bringing about variation in 
nitrogenous content of the leaves was minimised by manuring. 
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The only bushes which were generally richer in nitrogen than 
the checks were those receiving 60 lbs. or more N. per acre. The 
tilble below illustrates 


Nitrogen Values of 

Bushes 

receiving 

Manures rich in Nitrogen. 

Manure lbs. per acre 


Year. 



1919 

1920 

1921 

Kemarks. 

OO- 0-30 

5 “35 

0-23 

591 

Light pruned. 

Nil 

5-05 

5o7 

5-23 

Check. 

60-15 — 15 

5-20 

5-90 

5 03 ' 

Collar pruned, 

Ou— 30- 0 

5 31 

0'05 

5-09 

)) 

75 - 0-15 

5liG 

0 32 

5-31 


75-15 - 0 

591 

6-OG 

0*17 


00-15-15 

5-30 

6-92 

5’06 

■» 

Nil 

5*27 

i 

5-82 

5.30 

Check. 


In tliese mses nitrogen was evidently l)econiing a controlling 
factor in the foal supply of the bush. 


It is of interest to note that in the third year the intiuence of 
nitrogenous niannriug is not so in some cases as in tlie first 

and second yCiirs. 

{d) Potash P dlues . — The factors atfecting the potasli content 
of tlie leaf appear to be very comjdiGited. 

The bushes receiving manures rich in potash sliow no marked 
increase in that substance in their leaves and are generally poorer 
in [wtasli than are the check bushes. The mean of the light pruned 
luaniired bushes may be compared with the mean of the cliecks. 

Potash Values. 


1 

1919 i 

1920 

i 

1921 

Check Bushes 


2 03 

2-53 ’ 

2 81 

Manured Bushes ... 


j ' 

2-4 S 

2 79 
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Thus it is seen that the general variation is in close accordance 
with that of the check bushes. 

During the first year the bushes receiving small doses of 
nitrogen were generally richer in potash than the checks whilst 
those receiving large doses of nitrogen ^vere somewhat poorer in 
potash. During the second year this state of affairs was reversed. 
In the third year the deficiency was evenly distributed among the 
manured bushes irres|:)ective of the manure. 


Tha Influence of Nitrogenous Manures on Potueh Values. 


Manure 

lyiy 

! 

1 

1920 

' iy2i 

15 Ibe. N. and less per acre 

1 

2 yy 

2 59 

2 82 

More than 15 lbs. N ,, 

1 

2-3y 

258 

2 7y 


(e) Fhosphaie Values . — The manures ricli iu phosplmtes have 
uo apparent influence on the pliosphatic content of the leaf and in 
many cases this value gradually decrciises witli time. On the whole 
the phosphates are steadier than either the potiish or nitrogen 
content of the leaf. 

The mean values of the manured bushes may be compared 
with the checks. 


Plioephate Valuea. 


1 

j 

1919 

1920 

Check Bushes 

0-90 

0*90 

Manured Bushes ... 

0-89 

0 90 



CAKPKNTKn AND FIAULKR. 


185 


Thus there appears to be little general change in phosphatic 
content due to manuring. 

(/) Correlation between Constituents nf the Tea Z-m/.— T hat 
there is a relationship between constituents of the ash of plants has 
been shown by Lconciui (7) and others. But the relationship is so 
complicated and the factors at work are so lunneroiis that, before 
many observations have been made, it is futile to draw very definite 
conclusions in this direction. 

It will be observed that the ratio between any pair of the 
three constituents, jiotash ph()S[)hate and [litrogen, generally varies 
in the same manner as shouui by tlie a\'erage clieck bushes. This 
can l)e demonstratetl by drawing u[) correlation tables after the 
maimer suggested hy Prof. Karl Pearson (9). The three tables 
shown below are drawn up from the values sliowii in Table I and 
Table III, excluding G line, at the end. All these values deal with 
lightly ])r lined tea bushes. 

The correlation tablo.s are made u]) as follows. Consider the 
potash- phosphates relationship. Taking the bush A I in Table I 
which receives 15 Ihs. ]ihospliates and 75 Ihs. jwtash, it is .seen that 
the potash value occurs when tlic phosphate value isO’88%^. 

This relatioiisliip will be sho^vii by an unit placed in the second 
cell” ilowu in the first column of rlie potish-]>hosphate tible. 
The potish and pliosphate values oevurriug in 1921 are expressed 
])y an unit placed in the second “cell ” down in the fourth column. 
And so with all the other values. 

In drawing up tlie tibles it was necessary to divide the 
“ j>opulation,” as the number of examples is termed, into signifi- 
cant classes. It was considered that differences of 0’2% for 
potash ami for jihospliate content of the leaf ash were 

significant. 

In Correlation Table I l)eIo^v is sho^vn the relationship 
between jiotash and pliosphate values in the leaf. The figures 
in italics are those corresjx)nding to check bush values obtained 
from Table III at the end. The second figure is that obtained 
from the manured busli values, while the third figure is the total. 
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Correlation Table I. 


Showing Correlation between Potash and Phosphate Values in 
, Manured and Unmanured Tea Bushes, 

Potash. 


i 

Lees than 
2-45/ 

! 

ep 

o 

i 

2-6 to 2-8 / 

2-8 lo3^/ 

More than 

So/r 



n 


•n 

n 

fid 


07 to 0 85/p ... 

1^3 

M 


M 




2J 

2J 

2j 

Oj 

OJ 



n 

fid 

?.n ’ 

fid 

2d 


0-8 to 0-0/ ... 

Ml 

MO 

Ml 



flS 


8j 


«j 


ij 

a. 

oo 

O 



n 

/O'] 

1 

/) 

.£3 

00 to 1-0/ ... 


M 

M2 

Ml i 

M 



3J 

oj 

12J 

5J 1 

o) 




2d ’ 

n 

j 

•n 


More than 1 / ... 

M 

M 

M 


M 



ij 

OJ 

3J 

2J i 

i 

1 j 


The total “population” of the table is 131. Tlie number of 
check or manured bushes separately is insufficient to give any 
accurate correlation values. 

From the table, the mean square coutigency is calculated, 
and from this value the coefficient oE contingency may be cdculatcd 
by means of the formula 


where S - mean square contingency. 

The coefficient of correlation, Co, was also Gilculated from 
the mean contingency (9). 

The values obtained are as follows ; — 

Mean s(|uare contingency = 0*179, coefficient of 
contingengy Ci = 0*39. 

Mean contingency^ = 0*157, coefficient of correlation 
a = 0*42. * 
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In considering tlie correlation betn-een tl,c nitrogen and 
potash or phosphate content of the leaf the question of significance 
of nitrogen values presented some difficulty. Tt was finally 
decided to take five values differing by 0'2o%, varying from 4-75 / 
to 6^, together witli a high anrl tow value, making seven values in 

all. As before, four plios]ffiate values were considered a reliable 
range. 

Below is shown tlie nitrogen- phosphate correlation table. 
The scpirate numbers in each cell have the same significance as in 
Correlation Table I. 


Cor.KELATlON TaBLE 11. 

Skou’in^j Correlation heUnen JVitrogen and Phosphate Values in 
.Ifanured and Unmanured Tea Bushes, 


Nitrogen. 




Below 

4-75/ 

4 '75 to 

5 /' 

. 

5 to 
5-25;/ 

5 25 to 
5-505/^ 

; 5'50 to 
5-75 

5-75 to 
0/ 

■ 

Over 


■7 to 8 / 

n 

u 

i^3 

IJ 

1/'^ 

2J 

■n 

i j 

OJ 

0''. 

OJ 

OJ 

^0 

OJ 

e 

■8 to If /c 

') 1 

j 

•n 

K> 

; A 

!-n 

1 

■n 

'hJ 

MO 

4j 

, IJ i 

'U) 

O 

■9 to 10 

n 

2J 

4j 

4J 

r/'', 

6J j 

4j 

j 

OJ ! 

O'] 

OJ 


Over 1 Yc 

I 

( 

n 

OJ 

' n 

Oj 1 
i 

1 h 

'J 

n 

0.1 

0 i 

1^5 ■ 

1 1 i 

n 

u 


The mean square eontingenev, the mean contingency and 
the corresponding coetlicienU of eontingenev and correlation values 
are shown txdow : — 


Menu square contingency = 0*173, eoetlicicnt of 
contingency = 0*38 

Mean contingency = 0*139, coefficient of 
correlation = 0*40 
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The Correlation Table o£ the nitrogen- phos]>hate values 
presented m<any difficulties. The correlation values, as calculated 
from the mean square coiitingency and the mean contingency, 
showed considerable variation. By varying the gi'ouping of the 
nitrogen and jiotash, a range of correlation and contingency 
coefficients was obtuned. 

The correlation is of thi] same order as sho^vn by the jxitash 
and phosphate values. 

Belo^v is shown the Correlation Table for nitrogen and 
pot4ish. 

Correlation Table HI. 

Showing Correlation between Nitrogen and Potash Vahies in 
Manured and Unmamo'ed Tea Rushes, 


Nitrogen. 




Below 

4*75 t ) 

5 to 

5-25 to 

5 50 to 

5-75 to 

above 



4-75 

5/. 

5 25/. 

5 50 

5-7D/r 

r,/ 



iielow 



n, 



^0 

O') 


'M/r 






yo 



1 J 

u 

aj 

y 

3J 

■ 


OJ 





'■n 

n 


n 

0 ^ 


2 4 to 2-6^ 

M 

-ij 





i^o 



U 

IJ 

OJ 

OJ 

U 

OJ 


2 6 to 2-8 

' n 

0 

! 

n 

•n 


y 

“q. 

QD 




: 


y 

O 

J3 


1 OJ 

6J 


OJ 1 

2J 

OJ 

oj 




1 






2 8 to 3/^ 

^ n 



n 


n 

n 


M 


:^2 

M 

y 


y 



3J 

: OJ 

2J 


2j 

3j 

OJ 




2'^ 

^ n 

n 

n 

n 

n 


Above 

)-0 : 

y 

|.3 


M 




i 

i 

OJ 

L;i.. 

ij 

o; 

OJ J 

i ij 


The mean square contingency = 0*247 

Coefficient of contingency = 0*45 

Mean contingency = 0*198 

Coefficient of correlation ■= 0*52 
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1 he grouping is still unsatisfactory, but it is unjustifiable to 
arrange the tables iio that the variation in tlie nitrogen or [X)tas{i 
values ceases to he significant. 

v^ui^nig the gnulatiou ot iiitrogcu and jjotash, the following 
relationships were obtairuMl. The nitrogen variation v’as alwa 3 's 
kept at 0 * 25 ;^ and the potash at 0‘2^, the change king inade in 
the magnitude of the up})er aiid lower limits : — 


SlTBOGEN. 

Potash. 

- 

C0E?FICIKNT OF 

Upper limit. 

Lower limit. 

Upper limit. 

Lower limit. 

Coiitingeiio}'. 

Correlation, 


4-75 


2-4 

0'45 

0-52 

5'75 

4‘75 


2-4/. 

0-40 

OGl 

5 75 i 

4-75 /o 

3:/o 

' 2-2 /c 1 

0-47 

0-67 

(i/o 

4-75 /c 
! 

3 / 


0 51 

(>7U 


fhe Significance of the Correlation F actor , quality of 
the tea made in any tea garden dcqjeuds on iniiny factors — euvi- 
ronmenbil, meteorologiail, jxirsonal, etc. It luis often Jjeen observed 
that the greater the cro}) tlic poorer the qualit}- of the tea produced. 
Now snj)[)ose that every time tlie crop was doubled the (juality 
was lialved, then ^ve could s;jy that qaalit}* de})ended absolutely on 
the size of tlie crop. In this case tlie relatioushij) would be causal. 
We know, however, that many otlier factors, beside crop, inlluciice 
tiic (piality of the tcii. Sa}>pose that of the toDd intluences bearing 
on i|uality one half were due to the size of the crop, then we should 
siiy that the correlation between crop and (piality is O’o. If the crop 
wholly dominated ({Ualit}', the correhition \voiild be 1, and in the 
cjtse of there being no domination at all, correlation would be zero. 

If we argue still further we ask the question — Avhy should 
crop intiuence quality ? This question can be answered in part. 
The more vigorous the leaf growth, the less the huiniu content 
of the leaf and the less concentrated the cell sap. No^v concentrat- 
ed sap and a high tannin content make lor quality in tea hence it 
is simply because some of tJie qualities which are influenceil by 
rapid growth are also connected with good (piality in tea that 
there is a correlation between cro[> and (piality. Correlation in 
this case suggests parjillelis>m, a c:ase of fiictors in common. 
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Reverting now to the correlatioa between the constituents 
in the tea leaf we see that about 40^ of the iuHuences (correlation 
0*42) at work on the poti\sh and phosphatic content are the same. 

If the [.)otash increases, the chances are 4 to 10 that the phosphates 
wiW also increase. The correlation in this case is positive. 

With nitrogen and potasli or phosphates a similar correlation 
holds although in this a^se an increase in nitrogen brings about a 
decrease in potash or phosphate. The correlation in this case is 
negative. 

Now correlation between plant constituents is only a measure 
of the relationship between the variation of the constituents. 
Thus, if the potxsh values were always 2*5% and the phosphate 
values always 0'9^, the correlation would iKMail. The idea of 
correlation embodies change. By making the grading of our 
classes or aiTa}'s of constituents course enough we cun arrange our 
table so that all the “ population ” occurs in one “ cell.” All the 
table then tells us is that certain constituents invariably occur in the 
leaf. The relationship in this Ciise is aisual. 

The iinportimce of correlation bet^vecn the plant constituents 
Ciiu be appreciated in problems where an attempt is made to increiise 
any particular constituent. Thus it is i^lieved that jKitasli as 
a manure will be an importiiut factor in the solution of the 
Tea Mosquito Blight problem. 

Although it has been sliowu that <jrdiuary doses of putasii do 
not appreciably increase tlie potash content of the leaf it is highly 
probable that large doses would tlo so. But at the same time the 
phosphatic value would he increased. Hence it will be most 
dillicult to iiidiieuce the ratio of poUish to [>hosj)hate in the leaf. 

CONCLUSEONS. 

TTie following conclusions may l>e drawn : — 

{{) Heavy ])runing iucreuses t!ie nitrogen content of 
the leaf an<l tends to increase the potiish and 
phosphate content. 

(n ) Manures up to 75 lbs. per acre in the ease of potash and 
phosphates have no apfrarent influence on the potash 
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and phosphatic content of tlie leaf. Nitrogenous 
manures of over 60 lbs. increase the nitrogenous 
content of the leaf. 

In connection with this second point it must be remembered 
that Tocklai soils arc very deficient in nitrogen and licnce this 
constituent may much more easily become the limiting factor than 
either jiotash or phosjihates. If enough potash or phosphates were 
added to make either the controlling factor then it is highly pro- 
bable that these constituents would be influenced. 

In considering com])ound relationship of the constituents 
of the tea jilant, it ap}>ear.s that potash and jihosphate vary to- 
gether, but that nitrogen varies iin'ersely as the other two. Good 
growth (as in the year 1920) goes ivith a high nitrogen content 
and low jiotash. 

Table I 


Showing the Variation in Potash, Phosphate and Nitrogen 
Content in Leaves of Manured Light-pruned Tea Bushes. 

on dry leaf are given. 


ltu.sh 

Nn. 

Manu re 
lbs. |icr acre 

Tot ash 

% 

1 Phopitliatc % 

Nitrogen % 






1319 

1920 

1921 

1919 

1920 

1921 

i 1919 

1920 

1921 

A 

1 

0 

15 

75 

3-30 

2 ‘36 

2-S8 

0 911 

0 .s.s 

0'8G 

i 5-57 

6-14 

5*84 

A 

5 

0 

30 

GO 

2‘71 

2‘i'<3 

2‘94 

0 85 

0-87 

0-87 

5-13 

5*71 

5-32 

A 

9 

0 

45 

4.5 

3 21 

2-74 

3-22 

O' 89 

0'S9 

0-81 

5-44 

G02 

5-43 

A 

13 

0 

GO 

30 

2 9o 

2 ‘64 

2-97 

0 SO 

0-94 

0-93 

4'G9 

4*78 

4 66 

A 

17 

0 

75 

15 

2'73 

2-23 

2’40 

0-85 

11-79 

0'88 

5-33 

5-29 

4’Sn 

A 

21 

15 

0 

75 

2'tlG 

2 ■07 

2'G8 

0-77 


O' 80 

4-77 

5-09 

4-91 

A 

25 

15 

15 

GiO 

3-73 

2-50 

2-83 

i)'90 

C'78 

0 95 

5-01 

5-98 

5-21 

C 

27 

1,1 

30 

4,5 

2-79 

2-32 

2-98 

0'88 

0-85 

0-91 

5-70 

5-73 

4-63 

C 

23 

15 

15 

3G 

2 G 1 

2-28 


OS8 

0 95 

0-99 

5 15 

4-7G 

5 30 

n 

19 

15 

GO 

15 

2'G7 

2 29 

2*75 

1-07 

0-85 

0-93 

-5-35 

5*38 

4-82 

c 

15 

15 

75 

0 

2G1 

2-29 

2'Gti 

0‘97 

0 98 

roi 

5 27 

5*65 

5*43 

c 

11 

30 

0 

GO 

220 

2-;m 

2' 79 r 


0-91 

0'92 

0 21 

5-45 

5-08 

c 

7 

30 

15 

45 

2-29 

2'27 

2-73 1 

1'24 

0-88 

1 00 

51 4 

4 63 

5*46 

0 

3 

30 

30 

30 

2'8G 

2 '38 

2 -98 


O'Sl 

I'OO 

523 

5'73 

5’GO 

E 

25 

30 

45 

15 

2'3S 

2'G2 

2*75 

0 89 

0-99 

1-03 

5'2G 

5-22 


R 

2 [ 

30 

GO 

n 

1-90 

2 '4 5 

2 ‘02 : 

O'SG 

0'S8 

0 98 

o'l 7 

5 11 


R 

17 

15 

0 

45 

2 05 

2-GG 


O' 88 

0’7i; 


5-04 

5-13 

4-38 

E 

13 

15 

15 

30 

2-52 

2 02 

28! 1 

0 87 

0*95 

1*00 

4-98 

G’04 

5*85 

E 

9 

45 

30 

15 

2' 75 

2‘02 

2 -09 ; 

O' 8 3 

0'93 

0'9G 

5 '37 

5-30 

4-91 

R 

5 

45 

15 

0 

2' 19 

2 ‘81 

2*91 

O'GO 

0-93 

1-09 : 

4 CG 

5-48 

5'42 

B 

1 

00 

0 

30 

2G1 

3‘OG 

2 ‘85 

0-84 

0‘04 

1‘05 

5*35 

C'23 

6-91 

- 


Average Cboclj. 

2 ‘63 

2‘53 

2'8i 

0 90 

0-90 

0-94 

5*05 

5*57 

5*23 



142 EFFECT OF MANURES ON CONSTITUTION OF TEA mNT. 

Table II 

Shoif:iny the Variation in Potashj Phosphate and Nitrogen 
Content in Leaves of Manured Collar -pruned Tea Hushes. 

Percentage on dry leaf are given. 


Bush 

No. 

Manure in 
lbs. per acre 

N— P— K. 

Pota.sh 

% 

Phosphate % 

Nitrogen % 

i 


1 



1919 

1920 

1 92 1 

1911) 

1920 

1921 

' 1919 

1920 

1921 

G 

27 ’ 

tiO 

15 15 

2‘45 

2-6S 

2 8<> 

U’82 

UOl 

0 98 

, o’2U 

5-9« 

5 0.3 

G 

23 

60 

30 0 

2-5-1 

2-83 

2 83 

0-84 

0‘9l 

1*00 

: 5-31 

605 

.5 09 

G 

19 

75 

0 15 

2'65 

2-73 

2‘58 

0‘85 

0'96 

0-93 

! 5-9fi 

6-32 

5-31 

G 

15 

75 

15 0 

3 25 

2-75 

2-82 

1-03 

1*09 

1-13 

1 591 

6*06 

6 17 

I 

1 

60 

15 15 


2-77 

2-66 ! 

... 

I'll 

1-04 

5-30 

5 '92 

.5 '66 

.... 


1 Average Check 

1 

2 88 

2'C4 

2-79 

0 95 

1-01 

0 99 : 

i 5 27 

5-82 

5 30 


Table HI 

Showing the Variation in Potash^ Phosphate and Nitrogen 
Content in Leaves of n manured Tea Hushes. 

Percentages ou dry leaf are given. 


Bush 

No. 

Potash Yc 1 

j 

Phospliate / 

Nitrogen 

i 



1019 

1920 

1021 

1919 

1920 

1 

1921 

1919 

1920 

1921 

A 

3 

321 

2'29 

2*64 

0*91 

0'85 

0-78 

5 29 

556 

5-40 

A 

7 

3 12 

2-53 

2-62 

080 

0*79 

0-79 

4-91 

4-97 

5 81 

A 

11 

2-48 

2-33 


0-86 

0-76 


5 13 

4-68 

5-69 

A 

15 

3-07 

2-60 

2-75 

1*00 

1*05 

0-93 

5-25 

5-39 

512 

A 

10 

2 72 

2 65 

2-43 

0 89 

0*91 

1-02 

5-10 

5- 16 

5 03 

A 

23 

2-75 

256 

2-71 

0-87 

0 88 

0-89 

4-91 

5 73 

4 61 

A 

27 

2 65 

2-41 

2*79 

0 83 

093 

0*86 

5-39 

5-80 

5-13 

C 

1 

2*72 

2-20 

2'75 

1'64 

0-81 

0-97 

5-36 

5 52 

5-79 

G 

5 

2-60 

2*09 

251 

0-97 

0-87 

0-92 

4-98 

5-58 

5-4.5 

C 

9 

2*U 

2-19 

2*91 


097 

0 93 

5-03 

5-59 

5-06 

c 

13 

2 64 

2 68 

2*90 

0*84 

0-88 

0-94 

5-11 

5-98 

5'67 

c 

17 

2 67 

2-49 

2'8l 

1-00 

0-83 

0-33 

4-89 

5-84 

5-48 

c 

21 

2-52 

2-36 

2*74 

105 

0 91 

0-89 

5*17 

5 39 

5*11 

G 

25 

2-79 

2-30 

3 30 

0-86 

0 95 

1-05 1 

5-02 

5-35 

6-20 

E 

3 

2-58 

2 54 


0 92 

0 93 


' 4-87 

5-74 

4-53 

fi 

7 

2-84 

2-64 

3 04 

0*98 

0'95 

l-IO * 

4-85 

5-71 

4-97 

E 

11 

2-52 

2-86 

268 

078 

1-07 

0-91 i 

525 

5-80 

5-27 

B 

15 

1 

2-41 

2 74 


0-88 

0-39 i 

4*81 

5-40 

5-36 

E 

19 

2-03 

2 75 

2-84 

0*95 

0-83 

1-00 

4 56 

5 57 

4 64 

E 

23 

' 2-00 

2-60 

2*72 

0-94 

0-86 

102 

5-19 

5-47 

510 

E 

27 

1 2-44 

2-61 

2*65 

0-89 

0-89 

091 

4 98 

5-68 

4-58 

G 

13 

! 2 93 

2-93 

2-92 

0*91 

1-06 

1-06 1 

5-54 

6-11 

5 57 

Q 

17 

i 3 45 

2-87 

2-86 

1*31 

1-17 

106 i 

5-89 

5-96 

5-91 

G 

21 

' 2'fil 

2*62 

2*74 

0*75 

0 90 

0-94 1 

5*38 

5-31 

4-42 

G 

25 

I 2*53 

2*93 

2-77 

^ 081 

109 

105 i 

5-01 

5-74 

4*43 
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ANALYSES OF TYPICAL TEA SOILS 


BY 

H. R. CoOl'ER, B.SC., t.c.s. 


While a plautci* certainly not cx}x?cted to make analyses 
of his soils, it is nseful to him to havc‘ some idea of tlie meaning 
of the figures of analysis when obtained. He will tlien be able 
to understand the reasons for treatment advised, and to modify 
it to suit liis own conditioiis without loss of efficiency. 

The accompanying tables show analyses of tea soils chosen 
as representing the chief types of soil found in Nortli-East India. 

The first table shows tlu; sandier soils, which naturally conUin 
relatively high ix^rccntagcs of sand and relatively low jicrceiitages 
of clay. The term “ sandy ” can of course only be used relatively. 
The first two would be better called sandy loams. These two are 
of much the same physicifi comiiosition (as can be seen from the 
mechanical analyses) and are physically excellent soils for tea, Ixing 
mainly sand ^vith sufficient clay to bind them nicely and give that 
“crumb” in the soil which signifies good tilth. 

No. 1 is an old teelah which has been badly washed although 
now fairly well protected by bunds. N^>. 2 is an unsually rich 
virgin soil from the same neighbourhood. Originally they must 
have been the same chemically as well as physically. Note 
now the differences between the two chemical analyses, })articularly 
in “ loss on ignition ” (total organic matter), “ Grandcau organic 
matter ” (soluble humus) and in nitrogen. It is in consequence 
of these differences that No. 1, for many years under normal 
Cachar pre-slump plucking, gave only about five rnds. jiua^a tea 
per acre. This was certainly cheaply produced, but liad tlie soil 
maintained in the condition of No. 2 it would be giving 15 mds. 
of similar tea. 
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Having reached its present low condition of fertility, No. 1 
soil will probably not drop further very rapidly, but white ants are 
doing serious damage to the poor bushes, and a certain number of 
bushes die out annually from Thyradaria tarda, a fungus disease of 
the stein usually serious only on weak plants. 

Money is being wasted on cultivating vacancies and non- 
yielding bushes, ^vhile the smallness of the crop increases plucking 
and manufacturing cost per lb. 

Ill these days of sliortige, is the labour being used to most 
iidvaiitige ? Mechaiiiadly it is a beautiful soil. Money ^visely 
sjient oil intilling and manuring would certiinly yield a big return. 

What manure does the soil want? The selection is easy 
when we am compare \vith a good soil mechanically similar and 
in the same district. 

The acidity is too high, and the phosphoric acid not as high 
as it should be. We must add a little lime and pliosplioric acid, 
particularly as it is ahsolutely essential that we shall gro^v good 
green erojjs. 

I'otiish is prohabl}’ high enough. It ^voiild be well to run an 
experiment to see hat ])utash manuring would do, but on the 
analyses we siioidd judge potash manuring to be not essential 
and so will save exiioiiditure on tliat item. 

Above all we want organic matter and will add it in every 
way that the load coiulitions make possibh*, t^ikmg into account 
disUmce from lines and jungle. 

Any a\ttle manure available will of course go on. GreeJi 
jungle may be near enough to cut and airry on. Generally, how- 
ever, we have to rely on green manuring and ^vill do as much as 
we have labour to manage. 

Pruuiugs of course will never be burnt but alwajs hoed in, 

except heavy primings wdiicli are dangerous wdiere there aic root 

diseases. 

Witli our orgauic matter we have added a lot of idtrogeu, but 
U!j we liuve uot uulimiteil labour we must supplement it by 
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artificials. This soil has so much sand that it a\n decompose 
the less readily available manures (particularly when lime has been 
added) and it contains enough clay to carry the most readily 
available. Wo can choose annujdly the cheapest form of nitrogen 
which is known to be efficient. 

No. o is a real sand, one of the coarsest in tea. 

Under Bishimuth rainfall it does splendidly under tea. 
This i^rticular soil has done so for many yejirs, hut is luwv 
showing signs of deterioration. 

On a sandy soil the bushes liave a large root range and 
cx|)lore an enormous volume of soil for food. What food there 
is, too, is in a more available condition tlian on a heavier 
soil. AVater does not lie on such soils, and witli a few d(‘ep 

drains to keep down the rains water-level these sands do well, 
because tlie soil aeration is automaticiilly good. 

Sands, however, make such good use of added inauure that it 
is always a pity uot to manure them ; and in this particular cnse 
the soil is getting a hit deficient in some respects. Notice 
paiticnlarly the ptash. Nitrogen and organic matter are 
pretty gool for such a light soil but should 1)0 at least maintjnned. 

The main trouble with such soils is not their chemical 

but their physical projXTties. 

Water moves very rapidly through a sand, !)nt will only 

lift water by capillarity for a comi)aratively short dishmee. 

As tlie surface dries so more ^vahH• conies up rapidly from lielow 
to lie evaporated away, wRile a sand cannot draw oti the 
stores of water in the deep subsoil. In couso(|nence the 
water content of a sand is \'ery seriously reduced durin<»' a 
drought In 1919 much tea on similar soils died right out, 
while much of ivhat remained alive was so weakened that it was 
very seriously attacked by blights, lirowu blight, red rust, 
Thyradaria tarda. 

This year’s early dry period again did damage. 

A coarse sand is a splendid soil where the cold weather 
water-level is coinpurativel) liiglt, and the ruins water-le\el 
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comparatively low. Tlje rains water-hivel must be low in order 
to get roots ihwn near the soil which will remain moist in the 
dry season. 

A j)osition near a river bank, wliere the water remained 
about 8 feet from the surface, would be ideal. Wliere such 
i.s not the case, every (‘fPort must be made to conserve the 
waU^r in the soil during tlie dry si'ason, by keeping the surface 
clean of jungle (which pumps out water) and bv keejii ug n 
loose surface mulch to liiiider evaporation. 

In the J or hat district tlie water-level is cominouly prettv 
higli, and the typical soil is, like Xo. 5, mainly made up of 
tine sand Avith little coarse sand. Such soils, \vhile coarse 
enough to permit rii[)id pereolation of water (hence good aeration), 
are fine enougli to be aide to lift water from a much greater 
distance than No. d earn Kveii Xo. 4, wliich is representative 
of the Jorhat coarser soil, is still fairly good in tliis res|3ect. 

No. d represents the geologically older soil of the district, 
while Xo. 1 is prol)a)d\' newer rleposit. 

The newer de})Osit euutaius much umv lime hence the low 
aciditv) and moia* pliosphoric acid. The mnvot deposits near 
the Dessoie lli^'^-'r arc <K‘casi<.>uall\" actualK' alkidinc t<.> litmus 
and verv rich in linue The newer deposits are distinguishetl 
!>y a very low eouteiit of organic matter. They liave not been 
long enough lu position to colleet a good supply of organic' 
matter from jungle residues m the surface soil, and are therefore 
iKivtieularly infertile. Tea does not flourish in a soil too rich in 
lime, neither does it do well in soils too deficient in organic 
matter. In con.se<iuonce now alkaline dejiosits, when jdanted, 
are freM|UcntIy afterwards abandotied, although jimgle (particularly 
leguminous jtmgle) grows well. There are man}' sucli eases in 
the Dooiirs. There aiv eases Avhero tea does quite well m 
alkaline soils if only the organic matter is sufiicicntly high, but 
onthc whole a soil which turns red litmus blue is better avoided 

for tea. Xo soil eould ivt^fin much lime under our rainfall for 
long, and an alkaline soil is either very neov, very imi>ervious to 
water, or both. 
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No. 4, although for all practical purposes neutral to 
litmus, now does very well, but it required several years 
of addition of organic matter to change it from a distinctly 
j)Oor soil. The particular test* which measured this soil’s lime 
requirement at 245 parts per million is one which exaggerates 
enormously the amount which shouhl actually be a]»j)lied. The 
acidity figures are only of value in a comparative sense, and Avould 
have no value at all but for one’s ex])erience of results on other 
soils, of which we have analyses. 

No. 4 certainly wants no more lime, but No. 5 has too high 
an acidity for such a light soil, and one would guess it to need some 
lime. It has, in fact, shown good results from liming. 

Being sandy, No. 4 is rich enough to do fairly well without 
manuring in this <listrict j but will ccrtiuuly give results from 
additions of nitrogen, phosplioric acid .iind a little potash too, and 
can do with all the organic matter it can get. On No. 5 the crop 
was Ixiiiig very seriously limited l>y its need for phosphoric acid 
until some was added. Otherwise it is (luite well off, but still gives 
value for additional nitrogen, organic matter, and a little potash. 

On a sandv soil it is a safe rule to add potash, unless it is 
pretty certiun that it is not nccde<l. B\cn if little addition.il ciop 
is obtained in the first year, it lielps to keep the bush in hotter 
condition. 

No. fi, altliough it contiins no more clay than No. 1, is rnniuly 
coni[K)sed of silt, and not sand. Silt Ixdiavcs lik(‘ a very line sanrl, 
but when containing a significant quantity of clay and very little 
sand as No. 6 does, silt soils are most unpleasant to work, unless 
well provided with organic matter. They \x\ck rlown tightly so 
that they are very little aerated, and tiiey Ix'have like solid stone 
in dry weather. They are generally on the jKior side chemically. 
That is easy to remedy, but it is not easy to remedy the defects 
of their mechanical composition. 

In the case of No. G lime will assist, Ixciuisc it will help to 
flocculate the clay which is present In many soils of much the 


Albert method as modified by Lyon & Brizzel. 
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same nature, whidi contain little clay but much fine silt, we cannot 
hope for much from lime. But in all such cases our main hope 
lies iu gettiujj;' in organic uvatter, and it must be got in deeply. We 
must trend] in and deep Ijoe in all the green stuff and cattle 
manure, and pruniugs that can be obtained. 

Drainage, of course, must be dose and deep. On account of 
the cl(jse packing of tin* soil particles, the soil space is already too 
.small. We cannot afford to let any of it l)c occupied l>y excess 
water to the exdusi(ni of air. 

Kvcii ^vidl as much work as is ] ion i jail \- pussihlc on such 
soils tlicy seem to get liardly any hetter fur years ; ]>ut after, say, 
four ( ft’ lice \ ear> a manager ihte^ adtmt I hut In.'' particular bad 
section is l(fOki ng a 1 fit liettd' and gi\ ing a Ifii of leaf, fmprovc- 
incait then Ifccoiti^'.'- nmre rapid if tla* rrf'atment i> maintained. 

Xu. 7 is an example of the ridi. dark-culoured >and common 
ill the Dooai's. 

It is even nnTc o iar>dy*>audy iliaii the Bi>dmauth sample, yet 
is much richer tlnin I he io'oragc, \'ery-mudi'hc;i\ ier soil- It com- 
pares ^V(‘1I \\'ith the I’ciiiarkably richx'irgiu '-oil fioni (..iichtir (^Xo. 2). 

Ycl No. 7 anioim' the oldc-t of tlic Duoar- gardens, and the 
patches rtf th(‘ same soil (which co^'eI■s a large aL’c:i) that ha^e not 
been so long under t(*a ar(‘ tu cii riclua’. 

These sands are a[i[)arently enriched by old Mirfacc soils washed 
down from the Darjeeling hills. 

l.ookiug at th(‘ ligurcs for Xn. 7 one sees that it is well off 
in every re>i)ect, exee[it that it i> rather hwv iu potash and is for 
such a* liglit soil excessively a<-ld. Such a soil has given good 
results from potash, and, judging hy jflaatcrs' reports, lime also 
benefits sands of this character. 

The curious thing i> that tluw also gli e good results from 
nitrogeu, although from analyses one would judge them to have 
ampk Apparently, tlu* nitrogen is present in forms only slowly 
available to plants. Further experiments may show that the final 
result from too iiuioli nitrogen is to weaken tlie bush and laj it 
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more o^xju to blight utti^ck, but soils of this t}’]»e which luive 
received light dressings o£ oilcake for }'ears uoav certaiuly look 
much better than more neglected soils, and give gooil yields of 
good 4 uality tea. These soils have ahvau’s been had lor iiios(|uito 
blight, but are now becoming relati\'ely better. 

Treatment of the soil for mos(|uito bliglit lias only just reac]ie<l 
the experimental stage, but we have a tine lot of expriments being 
very well run, }>articularly in the Dooors, and wo shall know 
something about the subject wlien these, (‘xporinients have run for 
some years. So far one can only say that a certain amount of 
success has often followed tlie use of jiotash and lime, and that 
anything which weakens the laish increases the bad (‘fleet of am' 
blight. On sands weakness following drought is a reason for 
increased loss from mosquito. Present-day drainage and cultivation 
Avould cerUinly tend to improvement in this direction, and the 
relative improvement of these sands possibly mav be correlattHl 
with improvement in ^vork. 

Clay Soils. 


As a contrast to the suids just examined, take tlie tignres for 
the clay soils on Table III. 

Here you will tiotice that tlie mechaiiieal aiialv^es sIkon verv 
little sand but large ]>ercentagcs of fine silt and elay. TJie exatn])les 
have all been chosen from th(! same neighbourhood, because, when 
the climate is tlie same for each, the intiueiiee. of tlie soil is iina’c 
directly seen on the cro]i obtained. 

Ao. 16 is the stiffest soil of wlucli we lia\ (‘ n’cord. When 
dry, a pickaxe couM hardly cultivate it ; when wet, it is like glue. 
Had this soil been deep, it is ])robabI(; that it could not have been 
kept in cultivation. Yet it is, comp.ired to the sands, very rich 
chemically, even in respect of organic matter, the most jiclive agent 
in improving a eku'. Wlien first jilanted, the young tea (jcrtainly 
grew but very slowly even in tlie virgin soil, and took several 
years to get through one foot of tliis clay into the subsoil of pure 
rich peat Then the tea went ahead. 
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Tl.c d..y i. rieli .iaJ«™ldbewortlitarrji„.ontoa.«ndT 

« jd „ |,a,,vy tl,.,, I,u, f„a i„ 

probably prove a v'cry poor soil for tea. 


It IS dear, then, that thel figures given by chemical analysis 
are ot uo use except when consi.lered together with the mechaiibh 
uuulysis. 


^ Althougli rich this particular clay is a bad soil, simply because 
SO impervious to water and air. 

Xo. is ])hysically much less clayey, but is still quite heavy 
enough to be a real bad soil tvhen the organic matter content is 
low. 

‘U.OSS on ignitioir’ measures not only the combustible 
organic matter in a soil Ijiit also tlic water driven off from .soil 
minerals b\- lie: it. 


The “dramleau’' organic matter is a safer guide to the 
amount oi uselul urg'auic mutter in a soil. 

Note the “ Grandeair’ jiguru in Xo. 1?. It would be low 
lor a sandj and lor a clay ii is altogether inadequate. 

The iiitrogeu at would be good enough for a sandj but 

iiidiaitcs a very jioor clay, riiosphorie acid and potash are on the 
low side and need inereasingj hut the cliiel need of this soil is a 
blotter [ihysieal condition. It would be better if it had more coar.se 
sand, but one could not, of course, afford to carry on enough sand 
to make any difference. To increase tlie sand by 1 % in the top 
foot would require al;out :^() tons of sand per acre. The burial 
of broken earthenware pots such as Howard advises for Bihar 
indigo soils would certainly be benelicial, but again the cost of 
siicli treatment would be prohibitive. 

Villagers often ilo make a big improvement in such soils bv 
scraping into heaps with rubbish, and burning the heaps when dry. 
The iieating of the soil and the formation of lumps of red burnt 
l)aUast ))oth greatly benefit the soil’s physiail condition. Such 
treatment might be actually carrietl out on tea laud before planting, 
but is of eourso impossible on planted laud. 
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Ill practice^, we are limited to the use ot lime and organic 
matter. The use of lime is alwa\'s to be ad\dsed on a clay (even if 
tlie acidity of the soil is considered to lie doing no harm), bcK-anse 
it flocculates the (Ia\' and so increases the soil sjiace and allows 
freer percolaticm of the soil hy ^va^er and air. 

Ors’anic matter acts in much the same wav, and even a little 

O * 

makes a difference. 

This soil then could be consideraldv im[)n)vcd by a course of 
treatment including lime, green crops (with j)]iosphates) :md added 
nitrogen. Potasli is probably not re(]uired. ith a clay one 
follows the rule tliat pitas! i is not aiijilicd unless there is evidence 
of its need. Kxeeptinu t«) this rule may l)e iii:id(' iu llie <'as(‘ of 
cut-back tea. 

With all lioa\A- soils it is absolutely esscMitial that drainage must 
lie thoroughh' etheii-ni. W ithout that, no treatna-m can havi' much 
effect. 

Nos. 18 and 11), in spin* of tlu'ir high pTcentages of line silt 
and clav, grow leautifnl tra. NoU; tlu‘ir liigh coiit(*n(s of organic 
matter. 

No. 18 would, no doubt, iMaieflt from phosphatic manure, and 
the organic inattei' conK-nt of both needs maiiitaining l>y oe<‘asioual 
green manuring. 

Otherwise they should reipiire nothing for many \ears, altliongh 
lime would probably do good, and should, at atiy rate, Ije triixl 
experimentally. 

No. 18 is a teelah soil. No. ID is a draim-d liheel, but on 
account of its high jXircenUigc of clay we shall not exjicet it to suffer 
the deterioration which has set in on the true })eats and peaty sands 
of the district. 


Bueel Soils on “Humus*’ Soils. 

Wlien the amount of organic matter iu a .soil is very liigii 
its influence on the texture of the soil is so great as to make 
almost negligible tlie effect of whatever sand, clay, etc., may be 
present. 
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^ The organic matte, iu x\o. I'J i, ],igh, ,o Ingk that a soil 
which with nonnal organic matter wouhl he a poor one is actnallv 
one of tlip very finest ten soils in Tiirlia. 


^ x\o. ID is a bheel soil in the sense that it is a flat forme^l bv 
draining a shallow lake, so also are 16 and 17. 

^ _ No. 16 is peat-liheel in the subsoil, bnt the peat lirst accumulated 
m It has been eo\ered l>y a later deposit of clu\’ 

Xo. i^O is an examj.le of a real peal, a little mixed with soil 
on the surface and becoming pure i«at underneath. Xote the 
extraordinary richness of ir. .M;,uy siunj.h. „[ cattle manure 
are lutt so rieli. 


The peats in tlu> eraintrv are not preserved moss as tlioy 
are in Britain, but at oiir liigher tem])erLUures decompose tu a kr^m 
extent into useful plant-feeding ])umus. .Xewly ])knted |>eat 
bheels )'ield enormous crops. Unforiimately rliey do not last 

No. 2 1 is still descrik'd liy the Manager as a peat soil ft 
is probable that it once \va> sn, and there is still real jieat at onlv 
one or two feet below tlu‘ surface* 

Tlie analysis of the presiait surface soil is that of a verv 
rich sand. It resemhies iu many res|)eets a gardeu soil that Inis 
for years been over manured with stable manure. It does not 
“ bind at all. In the dry season a light cane can be pushed 
right through, without (dfort, up to the liaudKc 

This soil has lost its stieky colloidal line [)articles, aiul is of 
such a loose open texture that its water -lifting ]JO\STr is verv 
liniiteil. One ^ecs such soils dust-dry at 1 ft, from the surface 
when water is running at llie bottom of 3 ft. drains. Boots 
never [Xiiietrate far into a peat, and in eonsecpieuce the tea (wi 
a deteriorated bheel is loft high and dry iu the cold weather, 
although possibly t)iily a low feet above water. 

The mosquito and other blights on Xo. 21 take most of the 

crop. 

True peats deteriorate iu very similar fashion. 
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Note the “ coarse saud ” in No. 20. Seven per cent, of this 
soil remained on the sieve used to separate out coarse saud. 
When this coarse sand ” was burnt nothing but a very light ash 
remained. It was not coarse sand but large particles of vegetable 
matter. 

In deteriorated peats the “ colloidal ” organic matter has 
largely disap])eareil, leaving particles of organic matter of compa- 
ratively large size, and they can no more lift and hold Avater 
tiiau the humus sands like No. 12. 

Water commonly runs through bheels in tlie cold weather. A 
lot can be done by keeping up the level of the water inithe drains 
to 2-1'' or even 18" inches from tlie surface by a series of weirs. 
This is beciiuse ‘‘ lihn water ’’ — water lifted by capillarity— is not 
sutiicicut for the needs of a plant on these curious soils, which 
not only cannot reUun water but also need a lot. 

Note the water couteut of No. 2. (12 per cent, of the stuff in the 
sample box was water, but the sample Avas not uiKluly wet. 

A soil Avhich is normally mainly water naturally contracts 
as it dries and when to this loss is added the organic matter 
washed away and oxidized away it can readily be appreciated 
hoAv rapidly such soils may sink under the iuriueuce of drainage 
and cultivation. 

Many still good [x?ats arc out of cultivation merely because 
they have fallen below the level of the drainage outfall. A peat 
requires shallow, close drainage, and the water level must be kept 
up in the cold Aveather. 

The theories on other possible treatments of peats are 
fascinating, but there is no space to deal witli that about which 
nothing definite is known. Uue garden only is ex|)eriineiiting in 
this direction. We shall welcome offers to undert;ike further 
experiments. 


.Medium Soils. 

The s])ecial pro{)erties of the sands, clays, and hinnus 
soils having been examined ; those of the medium soils may be 
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fairly well guessed ut, since they uuiy be regarded as 
tines of sand, clay, and luunus in various proportions. 


mix- 


No. <S differs only from Xos. l and 2 in 

clny. 


haviii^r a little more 


N(). bciii^ evenly gnu led, that is cuutaining a fair (jiiantity 
of particles of all sizes, will tend to pack tightly and set hard. 
Itisipiite well off iu organic matter which keep.s it good and is 
otherwi.se rich except tliat it certainly needs more phosphoric acid. 

X<i. 10 is very similar, Imt not so good a soil. It has been 

mneli longer under tea. Organic matter is rather low for tiie 

ty]>c (jf soil, aiul adil(‘<l uitnigeii w ill certniulv give better cro[)s. 

No. 11 would ])(* decitledly Iieavy and sti(;ky were it iu»t 

fur its coiitunt of nrgaiik: matTer. It is practically a virgin soil 
on wdiieh tlic Vdung; tea is now s]deudid, though it at first hung 
tire Avlien rlu* drainage was deficient. The nitrogen is distinctly 
low; at ])resent in the virgin soil wliat is present is in a verv 
available stitte, Imt additions of nitrogen will soon l;e refjuired. 

A si,)il wltli so much day and of so high an acidity must 
Ix'uelit from lime. So, pr()ba])l\', w'oiild Xos, 8, i) aiul 10, but 
experiments siiould first tried. 

All tliex* art' liea\y enotigli to uectl ivally goo<l drainag’C. 
Xo. 12 is a medium not because it C(Mitaiiis both elav and 

sand but because it (“ousists of the mediuin’sized juirtielcs only. 
This is the very (inest ]ihvslcal tvjie fur a tea soil. ITaving 

little eoars(‘ sand, water niovenu'uts are tiot too rapid, and 
liaving little da}’ tluw ai‘{‘ never too slow. Hence it is a 
sjdendid soil in spite of its hnv content of organic matter. 
Chemieallv it is rich in miuia'als l>ut ratlier Itev in nitrogen. Having 
neitluT elav nor high aeiditv lime is not likelv to be rcipiircxl. 
Tliese soils generall\' u\ crlic coarse sand (U gravel substals and 
blind drains leading the water into the i>ervious subsoil are generally 
suibeieut, so long as tlicsc subsoils are owadonall}- taj^ped by dec]i 
drains, and the ganlen ]H’('ttcct(d from outside w’ator. 

Similar to these Ha stern Dooars soils are the diaraetcristio 
soils of Maugaldai. 
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From their analyses the ral bank soils, Nos. 13, 14 and 15, 
oLild l)e exjx'cted to behave as rather sticky clays in spite of 
their high sand content. These red soils, however, always behave 
as much lighter soils than the quantity of clay present would 
lead one to exjiect. 

The clay particles measured by mechanical analysis are 
all those below ‘0d2 mm. in diameter. In a red l)auk soil, however, 
the itartieles of clay size include a much smaller proportion (jf tlie 
very small sticky colloidal ]>artieles whuh giv(‘ to true clay its 
peculiar pro}^crties. 

All these are line soils. No. 1 3 grows the oldest and worst, 
No. 14 the Ix^st tea on the same garden. Allowing for the 
fact that No. hi is the lighter tliere is little to choose bctw^'Cii 
tlie tw’o soils. No. 1.3 carries distinctly ])oor tea fr>r re<l bank 
soil. No. 14 gave 24 mds. j)t‘r acre nnpruned in IIH.’). 

I l^elieve that the d iff ere nee is due onh' to the excelleiiee 
of the I hints and the way they were put into No. 14. This is 
only mentioned to sho^v that the soil is nut every tiling. The 
]>laut is of at least ctjual inqiortauec. 

Although tlic red soils alwa}’s do Inhave as lighter soils than 
ivould ho expcetc<], the average Doom's lied liaiik soil dix-s c<iutaiii 
a very Idgh percentage of tine particles, and is therefore largely 
flcjxudent for its excellence on a high conti'iit of organic matti'i'. 

Note the liigh organic matter content of No. l.'i which inn 
not lx?cn long under tea. 

There is every reason to supposi' that most red l>ank soils 
approaclied these figures for organic matter wlieii first put out, 
and it is riiy opinion tliat it is high time that strenuous ineasun*s 
should Ixj taken to maintain and increase the organic matter content 
of the older soils. 

Th(i common ]>racticc of biiniing primings vear after vear 
can only l)e deplores 1. If burnt at once, while green, something might 
be said for the practice as mi aiiri -Might measure. fTenerally, 
however, ])urniugs are left to dry before burning, by wdiich 
time thay have done nearly all the damage they can. 
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It is a significant {act that the subsoils of some red bank 
soils are riclier in oi'ganic matter than the surface soils. This can 
only indiccite detcriorntioii o£ tlie feurfiico soil. 


Decreasing organic matter may he one of thi' factoi’s allotving 
increased damage from mo.S(|nito bliglit. Mus.|uito has been 
very serious of late years even on the fine tea of Xo. M. No. l.o 
remains practically free. Note also the high a\aiilable potash 
of No. 15. 


Table 1. 


SANDY SOILS. 



No. 1 

i 

i Nu. 2 

No. 

N<n 4 

Nu. 5 

No. 6 

No, 7 


( 'm.'har San.U” 
Tcchdi. 

Hish- 
!iH 111 li 

Sand, 

■lorchaur Soils. 

Sand 
( Uooar?) 


Old 

^ Vir^riH 


No Wo )■ 
DcjM.vit 

Older 

Depa-ii 

Silty 

type 


So ID TVI’K, 

■1 

2 l -.V|-;5 

1 2-11 7.- 1 

2'I-:4 l-.a 

2-;;'4\5'l 

i-2-ryi-l 

1 2^4-3-7i 

Moisture as received 

I'd 

i S-1 

Oi 

lM-7 

ID 


1,5 

Hygrnseoiiic moist m e 

•J1 

1 Dfl 

O' 7 

D-1 


D-0 

11 

Gravel ami Stories 

l!'d 

1 D-» 


Nil 

Nil 

Nil 

8-0 

M E C 11 A N I 0 A L 
ANALYSES. 

Matter soluble in ililuic 
acid 

D’D 

111 


02 

0-7 

0-5 

0-3 

I'oarae sand 

;u 

.'2 

7)t’. 

22 


2 

64 

Fine s.and 

:U 

;bi 

2 4 

40 


IS 

16 

Sill 

1 

'i 

11 

17 

1> 

,56 

4 

Fine sill 

ID 

0 

2 

0 

!1 

9 

7 

Clay — 

IJ 

u 

;•> 

7» 


12 

! 4 

Loss oil ignition 

4-t 

,‘>■6 

^•2 

I'O 


2-4 

4-8 

C 11 K MICA L 
ANALYSES. 

Gramloau oi'gnnic u'.attor 

10 

21 



i \ i 

0-8 

2 4 

Acidity 

1716 

ir.'o 

022 

217. 

; 1 1 6S 

974 

2633 

InBoIublc silicions mat tc'f 

tM 

02 

on 

Oa ■ 

\y.\ 

01 

85 

Nitrogen 

■d71 

•lo5 

■07S 

■061 

•065 

■067 

■124 

Total idjtisjilioric acid 

017) 

■O.U 

•0.>7 

■06 S : 

•DIO ’ 

■o;i4 

‘081 

Available ., ,, 

•Oil 

■016 

•on 

■007 

•001 ' 

♦oos 

•019 

Available potash 

■020 

•01 

•OO.i 

•012 

•01 H 

•on 

•009 

Available lime 

•012 

'0’j7 

'\K\S 

•057 

016 

•021 

•017 

Available magnesia 

•007 

'04D 

■040 

•017. 

•ois 

■018 

■082 
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Table II. 

MEDIUM SOILS LOOSELY TERMED LOAMS. 



8 

9 

10 

n 

12 

13 

14 

15 


Sylhet 

Tcelah. 

Cachar 

Plateau. 

Dibniparh 

Medium 

Loam. 

Cetiiral 
Drioar.s 
Clay- Loam 

Eastern 

Dv^Kjar^ 

Silt’Loiim 

Red Rank S 

uil. 

Soil Type. 

1-2-5 1-3 

3-2'5-I-4 

2^5^1-4-3 

4-o'3 2 1 

2 3-4'5-l 

l-54’28 

^•l*4'3-2 

513-4-2 

Moisture as 
received 

15 

21 

15 

17 

20 

17 

18 

27 

Hygroscopic 

moisture 

1-2 

1-S 

2-4 

2-1 

0-7 

2 6 

3*0 

7'3 

Gravel and 
stones 

Nil 

1-0 

nil 

1-4 

0-2 

1'4 

1-8 

4 3 

Matter soluble 
in dilute acid 

A 

•4 

■2 

2-5 

•6 

1-3 

1*7 

1*2 

MECHAMICAL 

ANALYSES. 

Coarse sand 

39 

15 

16 

10 

j 

25 

19 . 

22 

Fine sand 

23 

26 

34 

12 

31 

14 

10 

H 

Silt 

8 

25 

12 

13 

29 

n 

12 

1 7 

Fine silt 

11 

12 

15 

32 

1 25 

18 

IS 

1 \ 

Clay 

14 

16 

17 

21 

6 

23 

33 

31 

Loss on ignition 

4-7 

6 4 

1 

5-9 

8'S 

1 3A 

71 

7'S 

9-8 

CHEMICAL 

analyses. 

Grandeau organ- 
ic matter 

' 1-9 

( 

1 

! 

1 

( 2'1 

. 

IS 

4 0 1 

1 

1 

M 

21 

2-.'^ 

4 '3 

Insoluble sili- 
cious matter 

87 

80 

79 

74 

S2 

71 

68 

67 

Acidity 

1246 

1 226 4 

1951 

1464 

S.-.3 

2875 

3671 

3264 

Nitrogen 

141 

•125 

■100 

o79 

*089 

•120 

■US 

‘220 

Total phosphoric 
acid 

■037 

■051 

■087 

•219 

•157 

•082 

•152 

*099 

Available phos- 
phoric acid 

♦Oil 

•t,l06 

■01.) 

■043 

•(IrjD 

■<I12 

* *01 1 

■016 

Total potash 


■393 


■73 



*87 

Available potash 

‘Oil 

•nil 

•015 

■094 

■017 

•016 

•OIK 

•o2l 

Total lime 


■092 


130 


*131 

'094 


Available lime 

■027 

0 31 

•016 

■033 

14.5 

•054 

•028 

*030 

Total magnesia 


•6n0 


•73 


1*45 

1*09 

Available 
magnesia I 

•009 

■050 

•013 

*065 

•112 

•050 

■06 

•033 
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Average yii^ld mauiids with 
eoartse plucking 


Soil Tvpl. 


Moisture as received 
ilygruscupic moisture 
Gravel and Stones 

M ECH AN 1 CA L AN A L V S 

Matter suliilile in diluteaeid 
Cuai'se sand 
Kind sand 

Silt 

Fine silt 
Clay ..... 

Lush uii igniiioji 

chemical analyses. 

Graiule.iu urguiiic unit ter . ... 
Acidity 

InsohiUlo silicious matter..^. 

Nitrogen ^ 

Total pliusphorie acid 1 

Available „ , ; 

Total potasli I 

Available pota.sh j 

Total lime 

Available lime 

iotal magueaia 

Available muguCBia 


Table III. 
CLAY SOILS. 


All from Hailakandy District 

OF Cachar. 

Bheel Soils 
Cachar. 

Ill 

17 

1« 

19 

20 

21 

Ijeterio?- 

ating 

bheel. 

<; 

( 

14 

30 

Good 

peat 

bheel. 

•VL3'21 

4'5-;T21 

5‘4 2'3 2 

4‘5-3-2‘l 


1 


! 

24 

19 

02 

10 

Ni! 

2-0 

Nil 

10-9 

nil 

3-1 

Nil 

10-4 

Nil 

27 

Nil 

■IS 

■71 

1-97 

2-30 


12 

35 

Nil 

U'3 

■[»2 

0 4 

Nil 


li 

17 

4 

7-0 

33 

< 

IS 

10 

10 

7 

8 


35 

20 

27 

39 

20 

10 

4 3 

2K 

31 

11 

3 

A t ’» 

O' 1 

S-4 

I2't; i 

1 

33 

7-3 

2'S 

(I'S 1 

;{^7 

i 

4-7 i 

20*4 i 

33 

23^1 

1733 

3215 

2984 1 

5251 

1S41 

73 

79 

75 

74 f 

55 t 

87 

■23'p 

■iii; : 

•200 

•213 

•574 ■ 

■123 

•OSS 

•02tJ ! 

■0ns! 

■114 

•194 ^ 

■005 

■022 

■oil 1 

•005 

■025 

•053 ; 

•014 


‘23 



■04 



■Olo 

•oil 

■014 

•013 

■03G i 

•025 



■19 

! 

•94 



■057 

■094 

•083 i 

■127 

•024 i 

*022 



■2S 

! 

•23 



‘057 

■079 

■041 ; 

1 

■02G 

’•030 

•010 



A FEW NOTES ON DISEASE TREATMENT 


BY 

A. C. Tunstall, b.sc. 


There are a nuiiiber of diseases of tea, e.//., Grey blight, Brown 
blight, coniuionly present, whioli only do serious damage under 
exceptional eircu instances. As a rule, the treatment of tliesi* 
diseases does not pav. Some leaf and stem diseases and all root 
diseases are dangerous, anil, if imeheckiHl, may cause great loss. To 
send specimens to Toeklai takes time. Time is often of the utmost 
importance and treatment should lx? [uit in hand at once. At the 
same time, specimens should always 1x3 sent to Toeklai for ideutill- 
cation and the treatment may be mcxlitied later in acx'or dance with 
special recommendations based on the nature of the particular 
diseiise. Most of the points rais(‘d in this article have Ixhml 
frequently emphasised in our [aildications, but the writer has 
endeavoured to put them togetlier as concisely as possibh^ so that 
the planter mav get on witli the job without the d(h\y m ressitatrd 
by hunting for mislaid co[>ies of cjirlicr publications. 

Parasitic Frxoi ix Hflatiox to tiik Tka Plaxt. 

Some fungi live outside the plant and thus cjui 1x3 killed i)y 
fungicides at any time, but most of the fungi causing tea diseases 
live mostly within the plant. Fungicides uiunot reach such fungi 
at all times. It is, ho\vevcr, possible to kill the H\mvs when they 
are formed on the surface of the plants and to proUx-t the plant 
from infection by the spores by coating it with fungicide. If the 
life history of the fungus is kiujwu, the times of sjn-ayiiig may be 
arranged so that the plant is protected wliile the sj)ores are being 
producetl and the spores may lx? killed at the same tinu*. In the 
tea districts the rain soon washes off tlie fungicide, and moreover 
the new leaf is continually forming on a ])lucked bush. It is 
necessary therefore to repeat the spraying at intervals. For instance, 
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in the case of Blister blight the first spraying will kill the si)ores 
actually present when the appliaitiou is made and protect the foliage 
for a few days from atbick. It will not kill the fungus which is 
dev eloping inside the haves. As from onr knowledge of the life 
hestory of tlie fungus we know that it mkes 10— 11 days after 
infection to produce its innts. ft is necessary to keep the bu.sh 
protected for that period, as the fungus in leaves infected just before 
cue spraying woukl take lU-lf day.s to develop. As the spray 
Hind is wa.sl)ed olf or the new leaves appear w ithin a week, the 
spray linid sliould be applied again about a week later. 

W here the fungus is common in jungle round the tea it is 
obviously mi[K).ssible to protect tlie plant.s from infection adequalely 
hv ill 1(1 (jtlicr methods have; to bt [oiiiid, 

1 iiK Plant Rkacts to Stimlj.! Cal'skd by Mkciiamcai. 
ixjuiiv on Pi.ANT Dislask. 

When a plant i> Injured in any way, it sets to work to repair 
the injury. When a fungus is tlie cause of the injury, the ]>h,nt 
reaeLs lo stimnins pralnced liy the fiuigus. iJitferent fumq cause 
dirt'erent reaetions. ."^oiiie cause the diseasexl portions of the plant 
to grow more ra[)i(lly, thus causing cankers, etc. Others kill the 
diseased tissuo very iMpidiy and feed on the deiid substance By 
studying the action of the fungi on the tissues it is sonnaime.v 
possible to rlevise mciius of killing the fungus, even though it is 
inside the plant, «.(/., tlie fungus causing Thyridaria tarda is fre- 
quently destroy eal by the plant itself ^vhen conditions are favourable. 

The tea plant in a nonnal condition is able to resist the attjacks 
of many of tlie fungi which anise its disaise, but when tlie vigour 
of the plant is lowered those fungi cause disease and make matters 
worse. 

M AN UK 1 A U TkICAT.MENT, 

If a soil is deticiciit in any necessary constituent, tlie plants 
growing thereon are less vigoiaius and, in eonsecpience, more sus- 
ceptible to certain diseases. It lias been found tliat deficiency iu 
potash often predisposes plants to disease infection. Manuring' 
with potassium nitrate or a mixture containing potash and nitrogen 
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in a readily available form will often check attacks of Bro^vn blight, 
Red rust and Thyridaria tarda. The application of such a manure 
is only useful when the soil is moist and the jilant is actively 
uTOwillg. 

O O 


How Fungi are Distributed. 

Fungus spores are usually very small indeed, and, in couse- 
(.pience, can be carried long distances by Aviiul. Some spores liave 
sjjecial arrangements to faciliUUe this, filaments of Grey 

blight. Other spres have a sticky coat, Brown blight, so 
that they stick to insects, etc., and are thus carried about, ^ome 
fungi which rarely produce spores, e,g., Thread bliglit, are distri- 
buteil by the disj)ersal of dead leaves, ete*., bearing portions of the 
fungus mycelium thereon. Diseased tea bushes like diseased 
animals should be isolated as far as practiciible. Whene\'er a large 
area of one kind of plant is found there is danger of epidemic 
disease. Some of the diseases of tea are always present, yet 
under ordinary eireumstauces do little damage, but there is always 
the possibility of their becoming serious under s}>ecial conditions. 
There is a still greater possibility of ne^v diseases appe^iring in 
epidemic form, arid whenever a ue^v disease is noticed no effort 
should be spared to eradiciite it before it becomes general. The 
enormous damage which an epidemic of disease may Giuse should 
never be lost sight of and a constant watch should lx‘ kept for 
anything new. 

What to do When an Outbreak of Serious 
Disease is Discovered. 

Always send specimens of any imrecognisal disttise to 
Tocklai at once, with full particulars of soil, jat of tea, age of tea, 
weather conditions during the development of the disease, extent 
of damage, and any other relevant details. Tiie disease may be 
doing little damage, but under other eouditions it may become 
serious. If the specimen is sent to Tocklai, tlie department is able 
to investigate the disease and to be in a position to suggest remedies, 
should the disease at any time become serious. 
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In tfik Cask ok Stem or Leaf Diseases. 

1. Isolate the buslios concerned by presenting coolies, cattle, 
ete., from touching tlicm. All the necessary cultivation, etc,, should 
be carrla] out by special coolies, using specially ’nuirke.! implements. 
At the coiichisioa of the oiieratious for tlie day the coolies and 
implements should be siirayed with lime-sul]ihur solution on the 
s[x>t so that the disease will not he oirried about. 

The ]iinC‘SLil])}]nr solution does not iujiu'c the skin or 
elothin;^, hut should not be allowerl to ^ret into the eves. The 
solution is also a cure for itch and various other skin diseases. 

2. Pluck or prune off all the diseased jiortious and huni 
them on the spot. If they are too green to burn alone, a little 
kerosinc will hclj) matters. 

3. Spra}^ the bushes thoroughly with a fungicide, e.g.^ lime 
sulphur. 

I^epoat the plucking, ])runiiig and spraying at intervals, depend- 
ing on the nature of the iliscase. 

Wliere there arc uitmernus outbreaks occurring at the same 
time, treat the small ones first, isolating tlic larger areas until 
time jxa'inits treatment to bt* carried out on them. 

In riiK C.\sK of Root Disfasfs. 

1. The areas t‘ontaiiiiiig tlie dead or dying hushes sliould be 
isolated ami all the implements used in ciilrivatioUj etc., of siicli 
areas sliould lie kojtt sep.aratc. There is no need to <lisiufect the 
coolies. 

2. The edges of the large :ireas and all small areas should he 
dealt with first hv digging out the dead and diseased bushes, taking 
grciit ciu'c to remove all tlie dead woikI from the soil. 

H. All the dead wood should be burned on the spot if 
jHWsible. If it is not feasible, it should lie removed in old bags 
or baskets and burned elsewhere. Care sliould be taken to 
either burn the bags or baskets or disinfect them thoroughly 
with lime-sulphur solution. 
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4. Watoh for new outbreaks and deal witli them at once. 

5. Dig out all dead wood and heavily lime the soil some 
mouths before rejdaiitiiig. 

In planting out, be very aireful to dear out all the dead 
stumps. Tliis oi)eration is costly, but very desirable. Jacks are 
very useful for removing smaller trees, and tluj large stumps may 
be used as centres of tlie buruiiig ol‘ piles of ^\■ood collected 
round them. 


SeuAY Fluids. 

For use in the rains Hme-sxdphnr solution is the most 
satisfactory. 

This solutioii is best prepared aeeuoUiig to the following 
formula : — 

Quicklime ... .,.20 ll)s. 

Sulphur ... ... 224- lbs. 

Water ... ... oO gallons. 

The lime sliould be put into a drum lioldiiig .50 gallons and 
slak(^<l by adding water gradually. Wlieii It is fulh^ slakc<l, add 
about 80 gallons of water au<l bring to the boil. When dt is 
boiling add the sulphur gTadually, stirring vigorously during tlie 
whole time, and when all the snl])hur has been add(;<l pour in 
boiling water to tlu,* oO gallons' mark. Boil for an hour longer, 
keeping the volume at 50 gallons by adding boiling water. Tliis 
gives the stock solution, which, when cool, may Ix' diluted witli 
10 or 12 vein UK'S of water and used immediately. 

Great om must be used in its prej miration, and if it 
desired to keej) the stock solution, it must Ik* stored hi full, air- 
tight vessels, or, if tlie vessel is not full, with a layer of oil 
on the surface. 

Lime* sulphur solution should not Ik; stored in copper vessels, 
or sprayed on to bushes from co])|K;r sjirayiiig macluues. Great 
care must be taken to see that all spraying machines arc 
thoroughly cleaiie<l out after use. 
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The sediment need not be thrown away, but may be boiled 
lip with nboiit 10 ^^allons of fresh water. The resulting liquid 
should be teste<.l, when cool, with a hydrometer and diluted 
according to the tiible given in the spraying pamphlet. The 
water used for diluting the stock soluti(jn may be mixed with 
fresh ttittle manure and airefully strained. This makes the fluid 
stick on better and readers it visible on t,he leaves. 

Tills solntion is very useful for tlie treatment of itch and 
ringworm on coolies. 

For use in the cold weather mUlure is recom- 

iaeu<led, l>ecause it sticks on to the liuslies for a long time. 

To make 50 gallons 1% Burgundy mixture 

ITissulve 5 Ills, of Cl’}’ stall! sed cop[)er sulphate by suspending 
it in a i)icce of .sacking in two and half gallons of warm water (if 
rc([iiired immediately). If cold water Is nse<lj the copper sulphate 
may bo left to dissolve overnight In the same way dissolve 
2 '3 lbs. of soda ash. 

Add tlie .soda ash .scjlutiou gradually to the copjier sulphate 
solution, stirring all the time, until the mixture becomes neutral. 
This can be tested with litmus pajaa*. The solution should be 
either neutral or very slightly alkaline, but never acid. The 
mixture will not be tdfected to au}- great extent by sbiudiiig for 
a short time in iron vessels, but tlie cop])er sulphate soiutiou 
will bo. It is therefore ueeessarv to dissolve this substance in 
woalen, copixir or earthen vessels. Tiie soda ash attacks iron a 
little but not sutiicuMitlv to make any serious change in the 
solution. 

The addition o^ tiie above mixtures will make 5 gallons 
concentrated mixture wliit:h, when diluted to 50 gallons, will be 
1 % Burgundy mixture, 

(Litmus pajtcr is nuuie up into little books of narro^v strips. 
It is cither blue or rah The red colour may be changed to blue 
by alkalis, and vice versd by acids. Neutral solutions do not 
affect the colour of the pa|K‘r.) 
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The Hydrometer. 

The use of a hydrometer in testing the strength of solutions, 
such as copper sulphate, csirbouate of soda or lime sulphur, is 
recommended. There are bibles for this purpose in the spraying 
pamphlet. The solution must cold when tested. By using 
the hydrometer it is possible to check the accuracy with ^vhich 
the solutions are being prejxireil. 

J paint for on pruning cuts may bo jU’epared by dissolv- 
ing 5 lbs. of copper sulphate in 10 gallons of water and making 
it up to the consistency of p^int by adding slaked lime. The 
use of rice water iustCiul of ordinary water is recommended, as it 
makes the paint stick Ix^tter. 

A suitable brush for painting cuts and a])plying caustic sotla 
solutions is made as follows 

Take a piece of bamboo, about inches in diameter and 
2 feet long, having a knot at each end. Bore out the knots with 
an auger. Take a piece of to^v of sufficient size, tie a ])ieee of 
wire round the middle, leaving an end long enough to go the 
length of the bamboo and project at the one eml. Tliread the wire 
through the baml)Oo and pull the tow into ]>osition at the end. 
Fix the loose end by means of a wooden plug driven into 
the hole. 


Spraying Machines. 

The most useful ones are of the preasure tyjK? with internal 
pump. Nozzles should be the simplest obtainable— containing no 
springs or joints. A four- nozzle attachment has hom fouial 
very useful for spraying large areas. 

Don’t use expensive spraying machinery for corrosive fluids, 
such as caustic soda. Use clieaj^ly made brushes for such fluids. 

Always have machines washed out thoroughly at tlie end of 
each day’s work. When some solutions l)ecome conceutratol by 
the evaporation of the water, they become able to attack the metil 
of the machines. The washing of the machines prevents this. 
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Dusting. 

Dusting with sulphur inixerl witli hue silt or clay in the 
proportions of 1 of sulphur to 9 of the powder is recommended 
for protecting the bushes on the sides of roads and paths leading 
from infected iireas. The dust should be extremely fine and 
should Ixi distributed by a machine. 

Always have spraying machines and materials ready for 
immediate use. This |)rccjiution may save a fortune someday, 

Reinembcr time means money, and neglect of a small outbreak 
may mean great loss. 



METEOROLOGICAL OBSERVATIONS IN ASSAM, 1922 


BY 

C. R. Harlek, b.sc., a.i.c. 


Introduction. 

In 1920 the Agricultural Research Council in England 
appointed a Coniinittoe to consider the data supplied In' the Meteoro- 
logical Otfice and to make suggestions for the fuller use of such 
information. The Committee’s report is full of interest to 
agriculturists and contains many sugg'cstions which are being 
acted upon at Tocklai. 

There are three ways in which a MeteorologiGil Office assists 
agriculture, first by ))roviding information iis to ]ircvaili ng or 
recently prevailing weather, sccondl}' by issuing forecasts of the 
weather to be expected, and thirdly by research (7). 

Obviously no weather forecasts can be made from Tocklai, for 
this necessitates a knowledge of meteorologicrl conditions over a 
great area. So far our work has been one of recording and 
research. 

There is an obvious connection bet^veen plant pathology and 
weather conditions. Thus Potato Blight is associated with wet, 
mildews with dry summers. With tea, wc associate Brown Blight 
with hot, scorching sun, Rcxl Spirler with a bad groudng period 
particularly drought, and Blister Bliglit with cold ^^'inds, under 
certain conditions, blowing from the hills. It is only by keeping 
a detailed account of the weather parallel with observations on 
pests and blights that the extent of the relationship between the 
t\vo can be seen. 
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The influence of the atmospheric humidity on both tea growth 
and tea manufacture is of fundamental importance and is discussed 
in some detail later on. 

The optimum temperature for tea growth has not yet been 
settled, neither has the most suitable rainfall. The former factor 
must vary considerably witli other conditions and the latter is no 
doubt dependent Irtrgcly on the type of soil and subsoil. 

It is only by continuous and detailed observations that 
anything approaching a true correlation between the Aveather and 
the grondh and condition of the tea plant can be made. When 
this has Ix^cn done, tlie falling ofl in crop in an}^ area will be more 
easy to explain than at present and at the same time the treatment 
of such an area will be simplified. 

The observations made l^elou' are in continuation of those 
made in a previous Meteorological Report (4). 


The Monsoon in Assam during 1922. 

The monsoon in Assam differs considerably from that cx< 
]ierioncod generallv in Nortliern India. In provinces other tlinn 
Assam, the drouulit as a rule continues till about the middle of 
June and the rains censes towards the end of September. The rain 
corres])on.ds with thf‘ mo^'ing north of the tliernial equator and the 
steady uptake of air from the Central Asiiitic jdatcau enormously 
laccentuatcs tlie inflow of rain bearing ninds to ^oith India. 

In most i^arts of North India three definite seasons, cold, hot 
and wet, are distinguished, but in Assam there are roniflily two, 
the cold, dry se.ason and tlie ivet, warm one. 

In Bengal the year is divided by the Indians into six seasons. 
Basanta is the Spring sea.<on and corresponds roughly to February 
and March. Grisma is the hot or summer season and corresponds 
to April and May. These two seasons coincide with what is termed 
the hot weather.^ Bnr.^a and Sarai are the rainy season, and the 
end of the rains corresponding to June, July and August, Septem- 
ber. Hemania is the beginning of winter, the dewy season, and 
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Seaih is winter. These seasons fall in October, November and 
December, January respectively. 

The Assamese have similar names which are adapted to the 
modified climate. 

The climate of the Assam valley is dominated by the Tibetan 
plateau to the Nortli and by the Pathoi range ^vhich forms the 
Southern Immdary of the valley. Often, well on into May, cool 
breezes flow from the Himalayas into the valley. Before the 
break of the true MonsooLi, rainfall is generally accompanied bv a 
rise in tem]>erature which denotes that the rain-bringing wind 
origiuatal in the South. Rain clouds which once get into tlie 
valley usually circulate round tlie hills till they are dispersed, so 
that it often happens that tlie rain appears to come from the North. 

During the |>erlod ^larch, A])ril, Msvy, the weather is change- 
nble and is usually alternately hot and cool with a general tendency 
to fjet hotter. 

In June the uptake of air from the Tiljetim plateiiu ]>ecomes 
steady and the Monsoon advances so that up the Assam valley 
a steady south-Avest wind blows and tlie sky is cloudy and over- 
cast for two montbs. In August and Septeml^er there is a ]>erlod 
of comparative equilibrium and clear and cloudy skies alternate. 
Early in August it is frequently oliserved that the breeze blows 
direct from the North. 

Octol-ier sees the Monsoon definitely in retreat and the wind 
blows steadily from the North. 

Ilf the year under consideration only 73*80 inches of rain fell. 
This figure is 6*62 inches below the average but is quite sufficient 
to ensure a goo<l tea crop if the distribution is good. 

As was mentione<l in a previous re|)ort (4) a first approxi- 
mation 10 the degree of wetness may be obtained by dividing 
the [ircKluct of the monthly rainfall and the nurabei" of wet days by 
the number of days in the mouth. 

In the table is given the rainfall and the distribution at 
Tocklai for the past five, years. 
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Table showing Monthly Rainfall and Degree of 
Wetness at Tochkiu 


Monlbs. 

Haiufall in inches 

Degree of wetness. 

1918. 

1919, 

19-20. 

1921. 

1922. 

1918. 

1910, 

1920 j 1921. 

1922. 

January 

0 12 

0-28 

o-cs 

rt:3 

0-74 

0'004 

0 02 

0-04 

0-42 

1*68 

February 

12(1 

0-97 

2-7.S 

l '80 

0 12 

0 18 

0-17 

0-87 

0 21 

0 01 

March 


0-7^1 

ti’lO 

4-n 

3-14 

3-29 

0 07 

2'97 

vn 

0*81 

April 

5'91 

7-n 

y u8 

u-oa 

7-79 

2 10 

1-91 

3-CO 

10-29 

3 11 

May 

15 42 

0‘67 

0-7J 

9-28 

OTG 

0 90 

■2 64 

2 38 

5 08 

3-17 

June 

14*92 

■22 (to 

9 ’fey 

7 71 

11-07 

8-01 

12 51 

6 -59 

6-42 

10-11 

July 

18*2U 


MU 

M 62 

1-2 '87 

11*77 

10-50 

8 40 

9-84 

10-87 

Au^fUiit 

19-48 

10-71 

y 22 

y-71 

19 i6 

ll’3l 

4 4-> 

6 94 

0 67 

10-12 

September 

12 44 

y-59 ' 

G'i7 

; H'23 

7'82 1 

0-;'2 

5-75 

3-08 

9-49 

! 3 90 

October 

2-42 

U-40 

2-47 

6‘16 


0 31 

3-33 

0-72 

2-OG 

0*59 

November 

0 40 

0 10 

0-40 

nil 

1 17 

iry6 

O ' 50 

0-20 


0 1 C 

December 

nil 

0-01 

o-i;! 

ru 

1 U3 


0-01 

: 0*01 

0-11 

0 10 

Total 

9*]‘94 

TiiUS 

07 '55 

28 47 

1 ■■ 1 ■■ : , ... 


III order that the degree of \vetiiess values for eacli month shall 
be directly comparable the}' must be combined ^vith other factors, 
not the least im|xirt<iut of ^vhich is temi>erature. For, a degree of 
wetness of 3 in October, ^vheu evajioration is decreasing owing to 
falling temperatures, will mean much more than a similar figure in 
Septeanber. 

It is interesting to note that August 1019 was a bad period for 
tea growth, althougli the rainfall compared favourably with 1020 
and 1021. But most of the 1071 inches which fell in this mouth 
was precipitiited in live days. This is shown in the degree of wetness 
which is considerably below that of the same month in 1920 and 
1921. 

The beginnings of 1918 and 1920 were the best early seasons 
for some years past and 1919 is reniemlxred as being a stiuid out 
season ^vith regiu’d to the end, although the early part of the season 
was bad. it will be noticed that all three iustiiuces cx.cur at {xriovls 
of rainfall above the average. 

On the chart the weekly rainfall is shown by means of black 
verticjil lines. . 

So fm- as rainfall is concenuxl, there are two critical priods in 
tlie season. The tirst is in March, A[)ril and May, and the othei 
in September and October. Tlie rain seldom fails in the months 
between, but is usually in great excess. 
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In 1922 the stot ol the season was particularly bad, for the 
di'ought continued, with only one break, till the end ol: April. On 
this account transplanting was held up and iulillings often failed. 
Unpninai teii suffered much on account of the amount of leaf it 
was carrying. Pruned tea did not produce much leaf till the rain 
utine, and it then went steadily ahead of the unpruned. 

The end of the season ^vas also one of drought. September was 
a dry month and, but for t^vo tills early in the mouth, there was no 
precipinition in October. Previous to this, much of the lee^vay 
following on the earl)' rain shortage laid been made up by means 
of excessively heavy falls doing more Iiarm than good. With good 
late rains a crop well up to the average might have been expected. 

The cause of this shortage of rain at the end of the season was 
apparently due to a barometric depression in the United Provinces 
and the Punjab. This detlected the general air uioveiueut from 
Assam, and when the depression had disappeared the wind swung 
round to the North and the chance of late rain diminished. 

This is a case ^vheu meteorological observations over an ex- 
tended area might have enabled an early predietion of the close of 
the tea season, with much advanUigc to the tea industry. 

The rain wdiich usually falls about Uiu'isinns time is probably tlie 
result of the barometric depression whicii passes from Europe 
across Persia and into ludia. 

TEMrERATUKE AND HuMlDITY, 

Observations in connection with many plants show that the 
dominating factor in plant gro>vth is temperature. J3elow 42^F 
plant growth ceases and at present we use accumulated temiKjraturc 
above 42° as au index of favourable condition for plant growth. 
As the teinjjerature increases so the rate of growth increases, till the 
thermic optimum is reached and tlieu growth decreases. At the 
same time, this optimum varies witli the duration of ex|X)sure of the 
])laut. Tlie longer the duration of the exfxjsure, the lo^ver is the 
optimum. Between the optimum and the vital tem}>erature, 

42°, the rate of growth is doubled for every 18°F rise in 
temperature (6). 
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Now thetie factors arc of the utmost iinjx)i'tance in the study of 
the growth of tea, do not yet know the exact optimum tem- 
perature for tea growtli, but it is believed to be about 90° As 
shown above, this optimum will be lower when the time of ex- 
|) 0 sure is longer and higher when the time of exposure shortens. 
Now August is olten a uiontli of depression so far as tea crop is 
concerned, al thong] i, on the average, tlie maximum temperature is 
slightly less than that of rjune and July. Tliis de]u’ession may be 
jKirtly due to soil condition, but it may also be due to longer ex- 
posure in August and September, which results from skies less 
cloudy than in ])rcvioiis mouths witli an advancing monsoon. 


The year 1922 was remarkable for the steady temperatures 
r luring the monsoon ])crio<l and shows a marked contrast to the 
previous season. 


On the chart the average weekly miiximuui and minimum 
temperature are denoted by red lines. In tlic rains the difference 
between the two teni|K‘ratures is ahout whereas at other 

limes it iuereascs to 20°. This has an impurtiUit influence on the 
vapour tension of the atmosphere. 


Closely C(UT(I:itcd ^vitll temi)erature and with rainfall is the 
hiimiditv of the atmosphere. That humidity lias a tremendous 
influence on the tea cro]) is undoubted, bur only after many more 
observations can wo say which type of observations— relative or 
absolute humid it}', dew point or readings of the ^^ct bulb theimo- 
metcT— will 1)0 of most use to tlie tea industry. In any case, wet 
and dry bulb thermometer readings, from which humidity and dew 
|K>iut are calculated, should be made daily. 


Here a brief aamiit of the theory of the wet and dry bulb 
tlun-monieter may l>e -Ive.i. A more detmled account, together 
with general instructions to ^[eteorological Oi)serv’ers m India, is 
given in an Indian Government piibiiaitiou (3). 

A common motliod o£ cooling water and air in India is by means 

of evaporation. Thus wet cloths hung round a fermenting room 
cool the air which ]iasscs through, beeiiises the moisture m the cloth 
cvaiK, rates and, in doing so, takes h.eat from the air. The quicker 
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the cloth dries the cooler becomes the air passing through it. 
Similarly earthenware vessels containing water keep cool by virtue 
of the thin film of water ^vhich soaks through to the outside of the 
vessel and evaporates. 

The same thing hap|x?us ^vith a wet bulb thermometer, which is 
simply an ordinary thermometer siuTounrled by a piece of muslin 
attached to a wick saturated ^^’itll water. The ’wct bulb Avill 
be cooled because the muslin dries. The (^nicker this drying hikes 
place the more the thermometer will be cooled and the greater will 

be the difference between tlie wet and the ordi[iary (dry bulb) ther- 
mometers. 

During the misty mornings whicii oevur in the cold weather 
there ^vill be no difference lx?tween the wet and dry bulb thermometers, 
for no evaporation is possible. On a hot, dry day such as often 
occurs in ^lay the difference will be great. Here, than, is a measure 
of the humidity of the atmosphere, for the greater the difference 
between the two thermometers, the dryer the atmos])liere. 

It is further necessary to distinguish between relative and 
abs.olute humidity. lu the cold weather wdien a mist is lying alxmt, 
the atmosphere is saturated and the relative humidity is 100. If 
the tem|>craturc were suddenly raised about lO^F., the mist would 
clear and the relative humidity would fall, as it often does, to about 
70, altliough there is still the same amount of moisture in tli(‘ 
atmosphere as there was when the air was cooler, />., the absolute 
humidity is unchanged. 

During the nights in the rains tlie atmosphere is generally 
saturated and the relative humidity is then 100, but tlie actual 
amount of moisture in the air is often three times the amount pre- 
sent in the cold weather when the atmosphere is saturated. This 
difference is not measured by the relative humidity, which is merely 
the amount of moisture in the air comjiared with that necessary to 
saturate the air at the same tem]>eratnrc. This latter quantity 
varies with temperature so that the same amount of moisture may 
correspond to any number of relative humidities. 

The relative humidity varies greatly throughout the day 
and may alter from 100 at 10 a.m. to 50 at noon when the mist 
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cleurs. This is especially tlie case in the cold weather. The 
absolute humidity seldom sho^s•s such sudden variiitio.r, although it 
shows a steady change over periods of days. 

The average weekly absolute humidity or vapour tension 
tekeu at Tooklai at 10 a.m. daily is shown by a blue line on the 

chart and is registered as inche.s of mercury. Thus, when the 
va|X)ur tension is I'lU it signifies that out of a barometric pressure 
c<niivalent to the weight of about 30 inches of mercury, IdO 
inches jire due to Ns iitei- vapour. 

Both the i relative humidity and vapour tension (absolute 
humidity) arc calcidatcd very simply from ^vct and dry bulb 
readings by the aid of tables found in many meteorological 
books (1). 

It will l)e uiidersto(xI that Ixfore the absolute humidity 
of the air can lx appreciably increased there must be a hot period 
extending over several days and, at the same time, the nights 
must not l)e cohl enough to precipitate as dew all the extra 
moisture taken u\\ It usually hapixns tliat right to the end of 
May, although the daily temperature rises to 90^, the absolute 
humidity does not greatly increase beatuse the night tem}xratures 
fall to about 70b In the monsoou no such fall occurs at night. 

The question of humidity (humidity of air irrespective of 
rainfall) has an iinportaut*l)earing on the gTowth and manufacture 
uf our tea as well as on insect and fungus attack. 


So far as the growth of tea is concerned it ajqxars that 
th(‘ crc>]» follows more or less the vapour teusioii curve. 

Jh-ief mc'utiou was made of the media uism of rrauspiratiou 


niid its relation t«) ;itnK)S]>heric humidity in last years re]>ort. 
When the air is moist the transpiration of the leaf is hanqxred 
and the busli must grow more leaf in order to ho able to get rid of 
its oxiYss moisture. It usually hup]Hms that excessive liumiaitv 


oxK's v ith liigl' tcm]H>rutures, 


so that liere the bush is reacting to 


two factors rvliich aiv iutor-rclatet. 


In 1921 the form of the crop and vaitour tension curves 
showed u remarkable rcseinblanee, and one was tcm]'tal to conclude 
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that there was a higli degree of correlation between the tw^o. In 
1922, however, it is seen that there is not a close resemblance. If 
naturally tliere is close correlation, then it must be concluded 
that the ti*eatinent of bushes in 1922 method of plucking) 

has not been such as to allow this relatioushi]) to Ix^ in evidence. 

AVhen tlie leaf is [iliicked and withering begins, the vital 
forces in the leaf diminish and the drying takes place more and 
more on physical lines. Wilting gives place to withering. In 
this a^se the intiuence of the absolute humidity decreases and that 
of relative humidity incre^ises. In the damp nights experienced 
during the rains a gocxl it her is imjwssible under urdinary 
conditions. It may be said that rapid growing weather is bad 

manufacturing weather. 

This statement may be illustrated as follows : — 

Opposite on charts I to IV are shown four graphs taken 
from the hygrograph. The hygi’ogi'aph is an instrument which 
mechanically measures the wet and dry bulb readings throughout 
the day. The u[)per line represents the dry bulb reading, or the 

ordinary air temperature, aud the lower line, the wet bull> rciidiiig. 
When the two lines come together it signities that no evaporation 
is going on from the wet bulb, Le.j the air is saturate<.l. The 
further apart the two lines are, the dryer the air and the less 
the relative humidity. 

The first chart is for the week ending May 8th, 1921, 

This is a dry week with a steadily rising temiXirature and typie^il 
of what may be exj)ected at this period. The nights are warm — the 
temperature scarcely fading Ix^low 50^ — and the vapour pressure 
is rapi<lly mounting. The l)ushes are tlusiiing but it is too 

dry for a good wither unless tlie side curtiiins of the withering 

house are lowered to reduce wind effect. 

The second chart represents conditions two montlis later 
when the Monsoon is fully advancing. There is copious rainfall 
and the irregularities in the dry bull) reading during the day 
represent showers and cloudy intervals. In such dull, steamy 
weather, crop is j>lentiful but a good wither iinjjossible. 
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The third chart is for the week ending July 31st, a fortnight 
hiter than the previous chart. The atmosphere is still saturated 
at niglit, but the night temperature is generally higher than 
during the week ending July 10th and the atmosphere by day is 
comparatively dr\\ A fair wither would be obtained. Good 
growth should also be obtained at this period, but as a matter of 
fact a sjXjll of bfinjhi-na^a had come over the bushes. This may 
have been the r(^sult (j£ excessive leaf production earlier on. 

The fourtii chart is for the week ending October 14th. 
The form of this eliart is similar to that of the ^veek ending May 
8th, but the t{‘Mi[>erature is about lO^F. lower. The bush at this 
|)erio<l is not gro^ving fast owing to the low temj)erature. A 
(/•ood wither is obUnnable. 

o 

When tlie exact and separate significance of temperature 
and humidity iu conucctioii with the withering of leaf has been 
determined, great advances can be made in tea manufacture. 

The length of the fermentation time must vary with the 
weather which, iu turn, varies every day and throughout the day. 
Usually iu Se}>teml>er the time necessary for fermentation must 
Ixi increased, it is eomtnoii for the time to be increased from 3^ 
hours iu the rains to 5 hours iu Octobca*. 

Now tlie necessary increase in the time of fcrmeiitiition 
is on the whole a steady one, but there are days when the time 
must be put buck uud da\-s ivlien it must be put torward a 
■Teatei- a.uoimt than usual. The planter of experience knows 
by the feel and the colour of the l&.f when it should be ready for 
tiring. With such a man tea makiug is an art, and it am only 
become a science when, by aireful and detailed climatic observations, 
we can sbitc deliuitel)' how long the fermentation process should 
Ihi under any sjiecial set of conditions. 


SUKSUINK. 

At Tocklai the hours of bright sunshine are measured 
daily Theaiiiim-atusis a sin.i>le one and consist essentially of 
a clLal cylinder in which is an ai^rturc. Inside the yl.nder is 
seusitizcxl paiKT. As the sun traverses its ptli the siiot of light 
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projected from the fixed aperture moves accross the piece of 
photographic pa|>er divided according to hours, leaving a dark line. 

The avenigo daily sunsliine is considerably less during 
the monsoon than at other times. The weekly average shows 
considerable vm'iation and is roughly an inverse measure of the 
rainfall. Sunshine is the complement to rainfall. Long sunny 
days denote high temperatures and good growth, which is different 
from tlie forcing growth sliown in dull weather when the shoot 
contains large sappy leaves and a big }>ercent{ige of stalk. 

It has been shown (5 } that shade reduces the binnin content 
of the leaf, although the loss of quality in tliis direction is more 
or less counterbalanced by increased crop. 

During the season 1921, teas on the whole were poor in 
liquors and pungency, in spite of the finer [ducking resorted to in 
that year, A |X)ssible explanation of this is that the sunshine in 
this year was below the general a\'erage. 

Another factor which would make for poov teas in 1921 w'as 
long, as opposed to close, plucking. 

Tlie talde Mow shows the monthly suushiue average in 
hours over the past five years, recorded at Tocklai, 

Table. 


Vear. 

Jan. ^ 

Feb. 

Mar. 

Ava. 

May. 

June. 

July. 

1 1 

Aug. 

Sept. 

Oet, 

Nov. 1 

Dec. 


• G95 

6-14 ' 

' 4 23 

5-7G i 

j 5*10 

3 31 

3-71 

3’74 

i 5 00 

G‘22 

f)*27 

(;■:>! 

i9iy j 

: 5-27 

G-10 

: G'9l 

G-OG 1 

5 G9 

505 

3-57 

5-2G 

1 3-3.5 

.5-OG 

5-24 

4-90 

1920 

400 

3‘96 

4‘39 : 

4C1 ! 

1 32 

3-89 

5-22 

5 '08 

1 5’G2 1 

4 90 

C-07 

.5*03 

1921 

503 

5 ’45 

5-22 

j 3-89 

3-91 1 

3-11 

3‘7l 

3-93 

3-49 

2 58 

5-51 

4*48 

1922 

5 30 1 

7'42 

! 4-50 1 

1 1 

t>'07 

G03 ! 

411 

4-52 

1 3 ‘50 


G‘10 

5-91 

1 

G* 3 

! 


We may correlate fairly closely some of the and blights 

of tea with sunshine. Thus Brown Blight usually follows 
a hot, scorching sun. Red Spider on a wahudoggeil soil is 
dispelled by a sunny period, although tlie connection is not so 
close as might be exj)ected. Any change in the weather ^vliicli 
causes fresh growth overcomes Red Spider. Blister Blight dis- 
appears with the advent of a s|>ell of sunshine, chiefly beauise 
the temperature rises, 
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The Soil Conditiok. 

Throughout the year daily soil samples were taken Irom the 
top 9" of the Toeklai Clearance. The soil here is a sandy silt 
with an optiimim \vater content of about 14^. The average 
weekly moisture throughout the yetir is shown on the top line of 
the chart and the arrows denote cultivation. The moisture ranges 
from 10 to 20%. 


During the first three mouths of tla^ year the soil steadily 
dried out and at the end of March it was powdering badly and 
in a condition iinpssiblc for cultivation. At the beginning of 
April the drought ended, but there was not sufficient precipitation 
to greatly iniluenee the subsoil nor to raise the water ffible to within 
a dishmee which would enable the up]}er soil to draw on it for 
moisture. The result was that in the middle of April, drought 
was again in evidence and the soil nioisture fell sharply to 10%. 
With the coming rain again die moisture increased and, to about 
the end of Mav, it was alino>t at the optimum. In June it ro.se to 

about 19 % and renialiied at about that figure till the rains began 

to tail off. ft \vill h^‘ obscr\’ed that on one oewtsion only did 
the moisture go Ix^yond 20%. 


For about three montlis in the middle of the rains no cultivation 
was done, 1)ut the ]ungl(‘ was k(*pt down hy sirkling. The question 
of rains cultivatio]t has been discussed C‘lse^vhere (2), but a remark 
may be made here on the SLq)tember hoe- Xo^v cultivation is^ a]>t 
to be, a wasteful ])rocess. By culti^•ation soil food, esi)ecially 
nitrates, is made availal.le, liut xvhen a lieavy sho^veI■ tails this focxl 
is washed away. This lias Iicen observed at Borbhetta lu coii- 
nraition with nitrate aixuniulation. Tlic ideal time to cultivate 
is a dav or tivo after rain with a iveck or so of dry weather ahead. 
In this case the soil will not be so wet that a great amount of tilth 
is destroyed. This is a ease where it ixiys to be weathenvise. 

At Toeklai the soil, Udug a light one, is not liable to .serious 
of tilth from rains cultivation, but from the aggregates of clay 
particles wltich are broken down, particles may be ivashed through 
he soil and tl.erc will l)c a tendency to pan formation, with the deep 
lioe, however, these particles should be brought to the surface again, 
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The soil temperature at 1 foot and 3 feet depths was taken 
twice daily, at 10 A. m, and 4 r.M. from May till the end of the 
year, at Toeklai. The soil in which the teni))eratures was tjiken 
is sandy, well drained and under grass. 

Not enough figures are yet at hand to draw any conclusions 
nor to interpret any results. To the end of August the dilfcrcnce 
between temperature at 10 a,m. and 4 is al)out F. on a 
clear day. In May or June the maxiniuin tem])eraturc is reached 
at about 5 e.M. From Sejitombcr oinvards the teni|)craturc at 1 
foot follows the maximum air temjxa’ature. 

At 3 feet the diurnal variation in tciujxa’ature is ])ractically 
nil. From Mav to July in the year under consideration it rose 
steadily from 80^' to 80^’, at which ajij)roximatc tcmp(‘ratnr(; it stayed 
till September when it feel steadily to 75*^ iti Decemix r. From 
Septeml^er onwards the soil ^vas warmer by 2° or 3^ at 3 feet tlian 
at 1 foot. 

During tlie hot weather it was observed that any great change 
in the temperature of the top foot is followed by a similar but 
smaller change at 3 feet about 30 hours later. 


The Tea Crop in 1922. 

For pur])oses of correlation of ero[) with meteorological 
observations the leaf from the Toeklai Clearance was tak(‘ii. This 
is an area of 3^ acres eonsisting of lialf acre blocks of Ihirina, 
Kalline, China, Kharikatia, Sitiglo, Betjau and Panigliat tea. 
During the year under considcTation half of e^icli l)l(x:k lias l>cen 
skiffed and the otlier half cut to 16^', i.e. 2" new wo(xl on tin* 
last year’s pruning. 

The tohil crop curve is shown f)y a black line on the chart. 
The form of the curve is quite different from tliat of last year 
(4) when five distinct flushes were noticeable, in 1921 tlio 
pruning was different, the tea which was skiffed in 1922 was cut 
to 10" and the tea cut to 16", in 1921 was cut to 14". 

The plucking at Toeklai is seven days and to the jhanam 
from the beginning of the season. This is very hard, and since 
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the plucking area was kept absolutely level there was a tendency to 
remove immature leaf. On this acx:ount the flushes were obliterated 
and a fairly level crop obfciiued throughout the year. 


The most striking point in the crop curve is the depression 
in June, which appears to be the aftermath of the drought. The 
laif at this period was all very small. 


The season closed more rapidly than usual, and after the 
middle of Septemlxir the crop fell oft as suddenly as it had come 
on in the early part of the season. 


The two red lines under the crop curve on the chart refer to 
the unpruned and medium pruned yields which go to make up the 
total crop denoted by the black curve. The continuous line 
represents the unpruned and the broken line the medium pruned 
tea, remarks are necessary. It is easily seen that 1922 was 

a season which, by reason of the early drought, was all against 
unprunetl tea, carrying as it does a lot of leaf. By the time the 
medium pruned tea was carrying its full complement of leaf, the 
drought had broken. 


It will ho noticed thiit at the end of the crop curve a bresek 
is denoteth On account of tlie falling off in the crop, a ten-day 
pluck had to !«’ made. 

In conclusion, mention ma}' be made of the value of keen 
and detailed ol.servatiou in all agricultural practices. To be sue- 
ces-^ful in -aorievdture the power of observation must be ^ ug i y 
decxloiK'd. Hut isolated ol.sorvations are of little use and it is only 
when two phenomena are correlated that scientitic advancement can 

'"""rl.,. staoe in tea nvowth and manufacture is profoundly 
'J i m*orologic,l »lK,v«n., 

■md minimum temperatures, hnnndit} aie all casi y 

correlated. 
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NOTES. 


A, Note on tlie use of Perman’a Expressor. — During the rains 
when the atmosphere is very humid it is often impossible to wither 
tea leaf sufficiently before it goes sour. In many eases expressors 
are employed, and although by this means the degree of the >\ither 
is not altered, rolling is facilitated. 

What shall be done with the expressed juice and how much 
valuable matter does it contain are important questions. The first 
question was discussed in ])urt II of the Scientific Department 
Quarterly Journal for 1922 and it was stated that the juice may be 
usal by putting on leaf which is just going to be fired. The juice, 
after expression, should not lx* kept till the leaf from which it is 
obteineii is ready for firing. 

Samples of expressor juice from a Darrang Teit garden were 
aual 3 'sed for total solids and tannin content. The leaf expressed 
had Ixjeu withered to different degrees. The analyses were as 
follows : — 

Sample : — Kutcha leaf (19 hours) — 

Tannin ... 0*257 lbs. |>cr gallon. 

Total solids ... 0*96 lbs. „ 

Sample : — 10-anna wither (20 hours) — 

Tannin ... 0*29d lbs. per gallon. 

Total solids ... 1'25 lbs. „ 

Sample : — l l-anna wither (19 hours) — 

Tannin ... 0*350 lbs. per 

Total solids ... T41 lbs. „ 

Thus the richness of the expressed liquor increases with the 
completeness of tiie wither. 

The actual loss made on the output of fiuishal tea by using 
the expressor and disamliug the juice may eisUy be adculated. 
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NOTES. 


Thus, considering the highest value, 1*41 lbs. total solids, and 
assuming that a maimd of leaf yields | gallon juice and makes 
32 lbs, linished tea (this assumes the leaf before rolling to contain 
60% moisture), then the loss per 32 lbs. tea Avill be 1’05 lbs. or 
just over 3%. This value corresponds ^vith observations made in 
factories in other parts of Assam. 

With kutcha leaf taking the moisture content of the leaf 
before rolling at 75%, the loss ])er maund finished tea would be 
3 - 6 ^. 

C. K. H. 


V. 0. P.-).500-22.2-1923. 
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